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ISOLATION OF WEST NILE VIRUS IN 


ISRAEL 


H. BERNKOPF,* S. LEVINE, AND R. NERSON] 


This report|| deals with the isolation 
of a virus immunologically identical 
with West Nile virus in Israel. Its rela- 
tionship to a dengue-like disease in man 
will also be discussed. The virus was 
isolated for the frst time in 1951' from 
the blood of a sick child during an epi- 
demic of unknown origin in Maayan 
Zvi, a communal settlement near Haifa. 
This outbreak will be described in some 
detail. Similar outbreaks occurred in 
1952 and sporadic cases also came to our 
notice. 

Epidemological and clinical picture of 
the epidemic in Maayan Zvi.—Maayan 
Zvi is an agricultural settlement which 
lies in the coastal plain of Israel on a 
western slope of the Carmel some 30 
km south of Haifa. It has about 300 
inhabitants, among them 180 adults and 
123 children under the age of 16. Most 
of the adults immigrated from Ger- 
many Czechoslovakia 
after 1933. Besides the regular settlers a 
group of youths from India between the 
age of 13 and 16 years, accompanied by 
3 adults, were completing a course of 
agricultural training in the settlement 
at the time of the epidemic. 


Austria and 


In communal settlements of this type 


adults have their meals in a common 
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dining room. Children of the same age 
live together in nurseries and childrens’ 
houses and spend only a few hours in the 
afternoon in their parents’ room. This 
type of life leads to close contact be- 
tween the different the 
settlement and favors the spread of 
newly introduced infections. 

The settlement experienced an out- 
break of Bornholm disease in 1949 and 
suffered severely from poliomyelitis in 
1950. The present epidemic occurred 
from the end of July until the beginning 
of October 1951. 

The disease was self-limited and non- 
fatal. A total of 123 cases (41%) oc- 
curred among 303 inhabitants of the 
settlement. Data on the morbidity rates 
and some of the main symptoms in the 


members of 


different age groups are given in table 
1. The morbidity was 100°) among in- 
fants up to the age of 2, 81°% in the 
age group 3 to 5 years, 34% in the age 
group 6 to 11 years and 56% and 21%, 
respectively, among the 12- to 16-year- 
olds and adults. The comparatively low 
morbidity rate of the 6- to 11-year-olds 
was due to the fact that a group of 
twelve 8-year-old children was absent 
from the community at the beginning 
of the epidemic. The children returned 
during the month of August, but not a 
single case appeared among them, a fact 
for which no explanation is apparent. 
All the 36 children from India (not in- 
cluded in table 1) were spared, although 
the one single Indian suckling and one 
of the three Indian adults living in 
Maayan Zvi fell ill. 

Most of the adults were between 20 
and 35 years of age and this was also 
the age of the adult patients. One 64- 
year-old patient is on record. 
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TABLE 


Length of fever 


Individuals 


Duration 


xanthem 


E 


sick and 
morbidity 


Individuals 


of fever 


Recurrent 


fever 


present 


unknown 


rates 


123 (41%) 


* 36 immigrant children from India not included 


t+ Percentage of patients showing symptoms 


The main symptoms of the disease 
were fever, an exanthem, severe head- 
ache, sometimes accompanied by pain 
in back and limbs, anorexia, vomiting 
and abdominal pain. Enlarged lymph 
nodes, angina and diarrhea were less 
common symptoms. 

Fever was present in all children and 
in 31 of 37 adults, rising to 39 to 39.5 C 
and in some patients to 40 C, and some- 
times accompanied by chills. Some 
cases had only subfebrile temperatures. 
In the majority the duration of the 
fever was 2 to 3 days; in some it lasted 
one day only, in others 4 to 5 and in one 
case even 9 days. In about 10% of the 
cases a nonfebrile interval of 1 to 2 days 
was followed by a second rise in tem- 
perature, accompanied by a recurrence of 
the other clinical symptoms. A typical 
curve of the fever could not be estab- 
lished. The febrile curves of some chil- 
dren are given in figure 1. 

Most characteristic was an exanthem 
which was present in 87% of the ca es 
up to 2 and in 73% in the cases up to 5 
years of age but in only 25%, 20% and 
14%, respectively, of the older children 
and adults. It consisted of bright pink- 
ish, round discrete macules and slightly 
raised papules, 2 to 4 mm in diameter. It 
appeared during the fever and some- 
times also after the temperature had 
already fallen. This exanthem was as- 
sociated with little or no irritation and 
was frequently detected by chance. In 
many cases it appeared on the body and 
extremities; sometimes the face was 
also involved. It was often fleeting and 
disappeared within 24 hours, but in a 
number of cases it stayed for several 
days. It was never followed by desqua- 
mation. 

Severe headache, accompanied in a 
number of cases by malaise and aches 
in the back and limbs, was present in 
78% of the adults and in 37% of the 
children. In infants these symptoms are 
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1 2 
Ley of tliness 


Fic. 1. 


difficult to 
count 


ascertain and this may ac- 
for the apparently lower ftre- 
quency of headache and backaches re- 
corded in this age group. A number of 
patients complained of pains in the eyes, 
especially on movement of the eyeball. 
In 10 children, Brudzinski’s sign was 
present, indicating involvement of the 
meninges. Nineteen percent of the pa- 
tients complained of abdominal pains; 
in some diarrhea was present. Anorexia 
and nausea were frequent complaints, 
and actual vomiting occurred in 45% 
of children and in 199 of the adults. A 
slight redness of the throat was fre- 
quently present. In 7 cases a severe 
angina existed and 2 cases even aroused 
the suspicion of diphtheria. The lymph 
nodes seemed to be less frequently in- 
volved in children than in adults, among 
whom there were some cases of swollen 
nodes in the submaxillary and occipital 
regions, which were tender on pressure. 
In one sporadic case seen in a neighbor- 
ing town such a swollen node actually 
the Hodgkin’s 
disease. Enlargement of spleen or liver 


aroused suspicion of 
In other outbreaks 
involvement of the lymph nodes, ac- 


was not observed. 


Curve of temperature 





of 4 patients from Maayan Zvf. 


companied sometimes 


by slight but 
noticeable enlargement of the spleen, 
was more common. No changes were 
found in the respiratory tract. Con- 
junctivitis was not observed. 

Recovery was quick in the children 
but slow in the adults, in whom fre- 
quently a state of pronounced asthenia 
persisted for one to several weeks. There 
were no sequelae. 
settlers 


A number of 


were absent 
from Maayan Zvi at the beginning of the 
epidemic and fell ill after their return. 
From the interval between their return 
and the beginning of their illness an 
incubation period of approximately 3 
days could be calculated. 

In one sick child, a lumbar puncture 
was performed. The cerebrospinal fluid 


showed 800/3 cells per cmm and a posi- 
tive Pandy reaction. No blood counts 
were made in Maayan Zvi. A 
count performed in a typical case* with 
exanthema on the 3rd day of fever 


blood 


outside Maayan Zvi, showed 3900 
white cells and the following differential 


* We are obliged for these figures to Dr. J. M, 
Kister, Nathanya. 
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count: lymphocytes, 46%, monocytes, 
4%, segmented, 21%, nonsegmented, 
27%, myelocytes, 2%. A leucopenia 
with relative lymphocytosis and a shift 
to the left of the white blood cells was 
apparent. 
Isolation of virus.—Specimens of 
blood and stools were obtained from 8 
patients the febrile period. 
Suckling 3-week-old mice were 
inoculated by various routes with serum 


during 
and 


and 20% suspensions of the stools in 
saline. The latter were prepared by 
centrifuging the suspensions for 1 hour 
at 3000 r.p.m. and adding 200 units of 
penicillin and 10 mg of streptomycin 
per ml to the supernatant fluid. 

In a number.of cases blind passages 
were made from the inoculated animals. 
A positive result was obtained with the 
blood which had been collected from a 
14-year-old girl on the 2nd day of her 
illness at the height of fever (40 C). The 
clinical manifestations of this girl were 
fever of 5 days duration, headache and 
an exanthem. The serum had been kept 
at —20 C for several weeks before it 
was inoculated intracerebrally in five 3- 
week-old mice. Six days later, 2 of the 
animals were found dead and the re- 
maining 3 showed definite signs of ill- 
ness, such as a ruffled coat, tremors and 
a huddled appearance. The animals 
were sacrificed after ether narcosis. The 
3 brains which were found bacteriologi- 


cally sterile were used for separate intra- 
cerebral passages. Four days later all 15 
mice inoculated with suspensions of the 
3 brains were sick and further passage 
could be accomplished without diffi- 
culty. Seitz filtrates of brain suspensions 
were always effective. 


Methods.—1. 
mice, 20% suspensions of brain and other organs 
were prepared by triturating the material in a 
mortar with glass powder and adding cold 
0.85% saline to which 10% normal inactivated 
rabbit serum and 100 units of penicillin and 100 
ug of streptomycin had been added. The suspen- 


After isolation of the virus in 
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sions were centrifuged for 20 minutes at 2000 

r.p.m. and the supernatants were pipetted off. 

The same diluent as above was used for making 

dilutions. Virus titrations were carried out by 

inoculating 3 to 4-week-old mice with serial 10 

fold dilutions using 5 and, in some experiments, 

8 mice per dilution. The LDso was calculated by 

the method of Reed and Muench.” 

2. Neutralization tests were set up by mixing 
0.2 ml of virus dilution with the same volume of 
undiluted unheated serum. In a number of experi- 
ments serums were inactivated by heating them 
at 56 C for 30 minutes. The virus serum mixtures 
were kept at 37 C for 1 and, in some experiments, 
for 2 hours and then transferred to an ice water 
bath until inoculated into groups of 5 or 8 3- to 
4-week-old mice. 

3. Cross immunization tests were carried out 
by giving groups of thirty 5- to 6-week-old mice 2 
intraperitoneal inoculations at 1-week intervals. 
The first inoculation consisted of 0.5 ml of a 10% 
suspension of brains from infected mice which 
had been inactivated by the addition of 1% 
formalin and kept for 2 hours at 37 C and then for 
several days at 4 C before use. For the second 
inoculation 0.5 ml of a similar brain suspension 
without the addition of formalin was used. Ten 
days later, the animals were challenged by intra- 
cerebral inoculation. Normal control animals of 
the same age were inoculated at the same time. 

4. For complement fixation tests antigens were 
prepared from infected mouse brains by the ace- 
tone ether extraction method of Casals.* The ani- 
mals were exsanguinated under ether narcosis 
before the brains were removed. The antigens 
reacted up to a dilution of 1:64 or higher with 
specific hyperimmune serums prepared in guinea 
pigs. They were at first used undiluted, and later 
in dilutions of 1:8 to 1:16. Serums were in- 
activated for 30 minutes at 56 C and in later ex- 
periments for 20 minutes at 60 C. Control anti- 
gen was prepared from normal mouse brains by 
the same method. Fresh guinea pig serum was 
used for complement and unbuffered saline as 
diluent. The tests were carried out in a total 
volume of 1 ml, using 0.2 ml for each reagent, 2 
units of complement and 2 units of amboceptor. 
Preliminary incubation was carried out at 4 C 
overnight and for 10 minutes at 37 C. The hemo- 
lytic system was then added and further incuba- 
2. Reed, L. J. and Muench, H. 1938, A simple 

method of estimating 50 per cent end points. 

Am. J. Hyg. 27: 493-497. 

3. Casals, J. 1949, Acetone-ether extracted anti- 
gens for complement fixation with certain 
neurotropic viruses. Proc. Soc. Exper. Biol. & 
Med. 70: 339-343. 
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tion carried out for 37 C. Titra- 


tions of complement in the presence of the in- 


30 minutes at 


fected and the control antigen and all other con- 
trols were run together with the test. Tests were 
only considered satisfactory when 2 units of com- 
plement were present in the control titrations after 
overnight incubation. All serum were examined 
with infected and normal antigen and the result 


considered positive when a 2 to 4+ fixation was 


obtained 


5. Egg 


illantoi 


inoculations by the chorioallantoic, 


and yolk sac route were made by the 


conventional methods 


Properties of isolated agent in labora- 
tory animals and 
brally 


eggs.—-In_ intracere- 
3-week-old mice the 
incubation period was 4 days in the 


inoculated 


lower and up to 7 days in the higher 
dilutions. A huddled appearance, hyper- 
excitability, or tremors and convulsion 
were the first signs of illness. Sometimes 
the animals died during convulsive at- 
tacks. Most of the animals showed signs 
of paralysis before death, which usually 
occurred within 24 to 48 hours after the 
first signs of illness. 

The LDs5o titer of brain suspensions 
of intracerebrally infected mice 
10-‘-* to 10°** 


which 8 mice were used per dilution. 


was 
in several titrations in 


The virus could also be isolated from the 
blood, lungs, kidneys, liver and spleen 
of intracerebrally infected sick animals, 
but it was present there in lower concen- 
10°? and 10~ dilu- 
organs were 
the intracerebral route. 
Virus was present in the 10-¢ dilution 
in the lungs (1,4 


tration. In one test 


tions of these inoculated 


into mice by 
and kidnevs (2/4), 
whereas liver and spleen were found in- 
fective in the 10°? dilution only. Pooled 
serum of several sick mice was infective 
on intracerebral inoculation in dilutions 
10-? (3/3) and 10° (2/3 
dilution 10°4 (0/3 

Mice could the 


intranasal and intraperitoneal route. A 


but not in a 


also be infested by 
lower percentage succumbed after sub- 
cutaneous inoculation (10/15) and after 


peroral infection (6,15). The results ob- 
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PABLE 2,.—Susceptibility of laboratory animals to 


virus isolated in Maayan Zvi (16-mouse passage). 


Route of inoculation 
Animal 
species Intra Intra 
cere veri 


Subcu 
if 
bral toneal 


taneous 


Intra 
nasal 


Mouse 
Hamster 
Sigmodon 
Gerbil 
Rat 
Guinea pig 0, 
Rabbit 0 
Chicker 0/2 


an 


Cenweuw 


14/15 10/15 18/15 6/15 
2/4 


PS 


tained following inoculation by various 
routes of 10% brain suspension of the 
16th 


table 2. In earlier passages a lower per- 


mouse passage are recorded in 
centage of mice succumbed following 
extraneural inoculation. 

Infected mouse brain suspensions 
hemagglutinated sheep cells in the pH 
range of 7.0 to 7.6. 
intra- 


Histological examination § of 


cerebrally infected mice revealed con- 
sistent change in the brain only. De- 
generative changes and necrosis of the 
nerve cells and neuronophagia were pres- 
ent in various regions of the brain. In 
some animals the Purkinje cells were 
particularly affected. Local accumula- 
tion of round cells and perivascular cuf- 
fing were frequently found. There was a 
moderate increase of round cells in the 
meninges. Inclusion bodies were not 
found. 

Other animals.Some_ experiments 
were carried out to test the suscepti- 
bility of a number of other species. Re- 
10% 


sults following inoculation of a 


infected mouse brain suspension 
table 2. intra- 
cerebrally infected hamsters developed 


paralysis and died; 2 


summarized in Three 
of 4 intraperi- 


toneally infected hamsters also suc- 


cumbed. Two of three cotton rats and 
3 of 5 gerbils (Meriones tristrami) died 
following intracerebral inoculation, 
Rats, rabbits and guinea pigs following 
chickens 


did 


signs of illness. Some of the 


intracerebral inoculation and 


alter subcutaneous infection not 


show any 
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Fic, 2 
12th egg passage of virus isolated in Maayan Zvi 
rabbits and 1 guinea pig showed a 1-day 


rise of temperature following intra- 
cerebral inoculation. No changes were 
observed following intracutaneous or 
corneal inoculation and cutaneous scari- 
fication in rabbits and guinea pigs. 

In one experiment, 1 rabbit and 1 
guinea pig were inoculated subcutane- 
ously with 1 ml of a 10% infected mouse 
brain suspension and blood was taken 
from the heart of the animals during the 


The 


serum thus obtained was inoculated in 


first 5 days following infection. 


groups ol 5 mice intracerebrally. Results 
are given in table 3. It was found that 
virus was present in the serum of the 
rabbit on the 1st and 2nd days following 
while the of the 


inoculation, serum 


guinea pig was infective on the 2nd day 


Rabbits and guinea pigs appar- 


only 
ently undergo an inapparent infection, 
It was subsequently found that intra- 
cerebrally inoculated guinea pigs de- 
velop a high titer of complement-fixing 
antibodies. 

eggs. 
developing hen’s egg following inocula- 
the 


The virus multiplied in’ the 


tion on chorioallantoi membrane 


lhirteen-day chorioallantoic membrane 


LEVINE, AND R. NERSON 


inoculated 2 days previously with 10~ dilution of 


and in the allantoic and volk sac. A 
brain suspension of the second mouse 
passage was inoculated on the chorio- 
allantoic membrane of 11- to 12-day-old 
eggs, which were then kept at 37 C for 
another 2 After 3 
chorioallantoic 
pock-like 


appeared on the membrane of all inocu- 


days. consecutive 
the 


detined 


passages on mem- 


brane well lesions 


lated eggs, varving in diameter ‘rom 
0.3 to 1 mm. The larger lesions were fre- 


quently composed of several smaller 


ones. Figure 2 shows semiconfluent and 
discrete lesions on a membrane. When 
serial 10-fold dilutions of the 17th egg 
passage were inoculated on the chorio- 
allantoic membrane, lower dilutions 
produced confluent lesions and ultimate 
death of the embryo, while 35 to 80 foci 
were counted at a 10° dilution and 3 to 


7 foci at a 10-7 dilution. Such consistent 


TABLE 3 Isolation of virus from blood of subcu 
ul 


taneously inoculated animal 


Days after infectior 


Animal species 


Rabbit 


(,uinea pig 
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results were not always obtained in egg 
titrations, as considerable differences in 
susceptibility were found to exist be- 
tween individual eggs. 

The focal lesions on the membrane 
could be suppressed by specific immune 
serum against the mouse passaged virus 
prepared in guinea pigs and by human 
reconvalescent serum. A saline extract 
prepared from membranes with conflu- 
ent lesions and centrifuged for 1 hour at 
12,000 r.p.m. in the cold fixed comple- 
ment with the guinea pig immune serum 
and human reconvalescent serum. Simi- 
larly prepared extracts from normal 
membranes served as negative controls. 
Mice immunized against the mouse- 
adapted found resistant 
against subsequent intracerebral chal- 
lenge with at least 10* LDso of the egg- 
adapted virus in its 41th passage. These 
findings show the identity of the egg- 
adapted virus with the mouse-passaged 
line. 

In view of the subsequent identifica- 
tion of the isolated virus as West Nile 
virus, it was thought of interest to 
examine the behavior of 2 known strains 
of West Nile virus)* on the chorio- 
allantoic membrane. No focal lesions 
have been described for this virus until 
now.‘ It was found that both strains of 
West Nile virus after 2 to 3 consecutive 
passages on the membrane produced 


strain were 


lesions similar to those described above 
for the virus isolated in Maayan Zvi. 
On yolk sac inoculation a suspension 


* We are obliged for the 2 strains of West Nile 
virus to Dr. M. Theiler, The Rockefeller Founda- 
tion, New York City and to Dr. J. L. Melnick, 
Yale University, New Haven, Conn. 

4. Watson, D. W. 1943, Cultivation of West Nile 
virus in the developing chick embryo. Proc. 
Soc. Exper. Biol. & Med. 52: 204-205. 

. Taylor, R. M. 1952, Studies on certain viruses 
isolated in the tropics of Africa and South 
America. Their growth and behavior in the 
embryonated hen egg. J. Immunol. 68: 473- 
494, 
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of the 17th egg passage produced death 
of the embryo with dilutions up to 10-7 
(no higher dilutions were tested). Inocu- 
lation of suspensions of these yolk sacs 
on the chorioallantoic membrane pro- 
duced confluent lesions. Allantoic inocu- 
lation (in contrast to inoculation of the 
yolk sac) did not cause death of the 
embryo, but evidence of multiplication 
was obtained by further inoculation of 
such fluids on the chorioallantoic mem- 
brane. 

Identification of virus.—-In order to 
identify the isolated agent neutraliza- 
tion tests were set up with a number of 
immune 
ruses. T) 


serums 
Results 


known vi- 
summarized in 


against 
are 


raBLeE 4.—Neutralization tests with known 
immune serums and virus tsolated 
in Maayan Zvt. 


Virus titer 
in mice 
(negative 
log of 
dilution) 


Amount 
of virus 
neutralized 
(log) 


Imir une serum .gainst virus 


West Nile 4.0 

Japanese B encephalitis 7 

Russian spring-summer encepha- 
litis 

Zika 

Bwamba fever 

Semliki forest 

Uganda S 

Bunyamwera 

Dengue-Hawaian 

Dengie-New Guinea “C" 

Normal rabbit serum (control) 


we 


3 
2 


NADADHGACMAU 
LAN Sound 


table 4. It is seen that immune serum 
against West Nile virus neutralized 10 
LDs0 doses of virus, while immune 
serums against Japanese B encephalitis 
neutralized 10? LDso. Immune serums 
against Russian spring-summer_ en- 
cephalitis, Zika, Bwamba, Semliki For- 
est, Uganda S, Bunyamwera viruses and 
the Hawaiian and New Guinea “C” 
strain of dengue virus neutralized 
smaller or insignificant amounts of 


t We are obliged for these immune serums to 
Dr. K. C. Smithburn, The Rockefeller Founda- 
tion, New York City, Dr. A. B. Sabin, The 
Children’s Hospital, Cincinnati, Ohio, and to 
Dr. J. Warren, The Army Medical School, 
Washington, D. C. 
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TABLE 5, 


Cross immunization experiments in mice between virus isolated 


in Maayan Zvi and West Nile virus. 


Immunization 
against 


Intracerebral 
inoculation with 


Virus from 
Maayan Zvi 


Virus from 
Maayan Zvi 


West Nile virus 


West Nile virus 


Virus from West Nile virus 


Maayan Zvi 3/6 4/6 1/6 


concluded from these 
results that the agent from Maayan Zvi 
was related West Nile virus. The 
by antiserum against 
Japanese B encephalitis is in conformity 
with this assumption, as the close anti- 
genic relationship of West Nile virus to 
the virus of Japanese B encephalitis has 
been shown previously.® 


virus. It was 
to 
neutralization 


For further identification cross im- 
munization experiments were set up 
between the agent isolated in Maayan 
Zvi and 2 known strains of West Nile 
virus. It should be stressed in this con- 
that no work with West Nile 
virus had been previously carried out 
in this laboratory. Groups of thirty 


nection 


5- to 6-week-old mice were immunized 
against the virus from Maayan Zvi and 
the 2 known strains of West Nile virus. 
In preliminary experiments it was found 
that following 2 
scribed 


de- 
above, mice were resistant 
against 10° to 10® LDso of the homol- 
ogous virus. Results of one experiment 
in which the strain obtained from Dr. 
Theiler was used are shown in table 5. 


inoculations as 


It is seen that mice immunized against 
West Nile virus withstood intracerebral 
challenge with 10® LDgso of the virus 
from Maayan Zvi, and mice immunized 
with the latter virus withstood intra- 


cerebral challenge with 105? LDgo of 


6. Smithburn, K. C. 1942, Differentiation of the 
West Nile virus from the viruses of St. Louis 


encephalitis and Japanese B encephalitis. J. 
Immunol. 44; 25-31. 


Dilution of virus inoculated 


io" 10 10° 10° 10% #10°° 10°77 


Difference 
LDv control 
LDw immune 


6/6 6/6 10-7 106° 


10°'° 
6/6 


10-72 


0/6 0/6 19°? 

West Nile virus. In similar experiments 
it was found that mice immunized a- 
gainst the virus isolated in Maayan Zvi 
were immune against at least 10* LDs5o 
of the strains of West Nile virus ob- 
tained from Dr. Melnick. It 
cluded 


was con- 
that 
was 


these 
in 


from experiments 
isolated Maayan Zvi 
antigenically indistinguishable 
West Nile virus. 

Presence of antibodies in patients from 
Maayan Zvi after recovery.—Blood was 
taken from the patient from whom the 
virus had been originally isolated 3 and 
7 months after the termination of her 
illness, and the serum was examined for 
neutralizing and complement-fixing 
antibodies. It is seen in table 6 that 3 
months later the serum neutralized 
10** LDso and 6 months later 10':? LDs5o 
of the virus isolated from her blood. 
The complement-fixing antibiodies ex- 


virus 


from 


amined at the same time were present 
in titers of 1:128 and 1:32, respectively. 

To our surprise only 1 of 7 other 
serums from patients examined 3 month 
after the outbreak showed neutralizing 
and complement-fixing antibodies. 


Nineteen further serums (among 
them the serum of the patient from 
whom the virus had been isolated) were 
examined 8 months later, and 
these, only 5 showed the presence of 
neutralizing and complement-fixing 
antibodies and a further 7 showed com- 
plement-fixing antibodies in low titer 
only. Of a total of 26 patients in Maayan 


of 
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TABLE 6.—Development of antibodies in serums of patients after recovery. 


Titer of complement-fixing antibodies against 


, at la . 
Serum no. virus isolated in Maayan Zvi 


Acute Reconvalescent I 
(Patient, 
Maayan Zvi) 
128 (3 months)* 
2 16 (12 days) 
3 < 8 (10 days) 
4 ; $12 (ca. 12 days) 
5 64 (ca. 12 days) 


* After termination of illness 


Zvi examined, only showed 


either 


14 (54% 
and complement- 
fixing antibodies or complement-fixing 


neutralizing 


antibodies alone. These findings left the 
etiological significance of the isolated vi- 
rus open to doubt. It was decided to sus- 
pend judgment and to await further 
outbreaks. 

Findings in 1952.—In 1952 similar 
the observed in 
Maayan Zvi occurred in the neighbor- 


outbreaks as one 
hood. Sporadic cases with the same 
clinical picture also came to our notice. 
Through the courtesy of Dr. N. Gold- 
blum paired serums from 4 typical cases 
of an outbreak were obtained which 
had been taken during the acute stage 
and 10 and 40 days later. Complement 
fixation tests were carried out with these 
serums and the antigen prepared from 
the brains of mice which had been in- 
fected with the strain of West Nile virus 
isolated in Maayan Zvi. Normal brain 
antigen served as control. Results are 
summarized in table 6. Three serums 
(no. 2, 3, 4) had no antibodies in a 1:4 
dilution in the 1st sample taken during 
the acute stage of the disease, whereas 
in titers of 1:64 to 1:512 
were present in the 2nd and 3rd samples. 
In 1 sample (no. 5) antibodies in a titer 
of 1:64 were already present in the Ist 
sample without showing a rise in the 
later samples. We were subsequently 
informed that frqm 2 of these serums 
(no. 2, 3), as well as from a number of 
other serums, virus strains were isolated 
and identified as West Nile 


antibodies 


virus in 


Reconvalescent II 


32 (6 months) 
64 (43 days) 

64 (41 days) 
128 (ca. 40 days) 
64 (ca. 40 days) 


LD » neutralized 


Acute Reconvalescent I Reconvalescent II 


<10! 10** (3 months) 10''* (6 months) 


Dr. Goldblum’s laboratory.? From 6 
sporadic cases* serums were obtained 
1 month after their illness. All of them 
showed antibodies in titers of 1:64 to 
1:128. None of the serums reacted with 
normal control antigen. In these tests 
complement-fixing 
used undiluted. 


antigen had _ been 
It was found in later 
experiments that this amount of antigen 
had _ been Positive human 
serums reacted in at least a 2-fold higher 
dilution when the antigen was used in a 
dilution of 1:8 to 1:16. 

It seemed of interest to examine a 
number of normal serums for the pres- 


excessive. 


ence of complement-fixing antibodies 
against the isolated virus. For this pur- 
pose 90 serums which had been collected 
from an Army unit in April 1952 were 
examined. The serums were inactivated 
for 20 minutes at 60 C and tested in a 
1:8 dilution with undiluted antigen. A 
reaction of at least 2+ was considered 
positive. Of the total of 90 serums 
examined, 13 (149%) were found to con- 
tain complement-fixing antibodies. 

In view of Sabin’s® findings that hu- 
man volunteers infected with dengue 
virus developed complement-fixing anti- 
bodies in low titer against West Nile 


virus, it was thought of interest to 


*We are obliged for information and these 
serums to Dr. D. Burstein, Dr. M. J. Kister and 
Dr. K. Frank, Nathanya. 

7. Goldblum, N. et al. To be published. 
8. Sabin, A. B. 1950, The dengue group of viruses 

and its family relationships. Bact. Rev. 14: 

225-232. 
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examine a number of human serums 
with a high titer of antibodies against 
West Nile virus for antibodies against 
dengue virus. It has been shown by 
Sabin® that the 2 immunologically dif- 
ferent types of dengue virus known so 
far possess a common complement- 
fixing antigen. An antigen was prepared 
according to the method of Casals* 
from the brains of suckling mice. The 
latter had been infected intracerebrally 
1 day after birth with the 116th 
mouse passage of the Hawaiian strain 
of dengue virus. The antigen reacted up 
to a dilution 1:16 with specific mouse 
immune serum (titer 1:128). Four and 
sixteen units of antigen were used in 
the test with 6 human serums which had 
antibodies against West Nile virus in a 
titer of 1:128 or higher. No antibodies 
against the dengue antigen could be 
demonstrated in these serums in a dilu- 
tion of 1:4. 

These results strengthen the assump- 
tion that West Nile virus demonstrated 
by both isolation and a specific rise in 
antibodies in a number of patients’ se- 
rums was of etiological significance. 

Neutralizing antibodies in domestic 
anima!s in Maayan Zvi.—The antigenic 
relationship of West Nile virus to the 
viruses of St. Louis and Japanese B 
encephalitis and the similar behavior of 
these viruses in laboratory animals sug- 
gest a similar epidemiology. Mosquito 
transmission has been proved for the for- 
mer 2 viruses.'® The isolation of a virus 
not yet identified* from Culex molestus 
caught in the neighborhood of Maayan 


* This virus was subsequently also reported to 
be West Nile virus. 

9. Sabin, A. B. and Young, I. 1948, A comple- 
ment fixation test for dengue. Proc. Soc. 
Exper. Biol. & Med. 69: 478-480. 

10. Olitsky, P. K. and Casals, J. 1948, Viral 
Encephalitides. Viral and Rickettsial Infec- 
tions of Man, edited by T. M. Rivers, Lippin- 
cott, pp. 163-212. 

. Oleinik, E. 1952, Infectious adenitis trans- 
mitted by Culex molestus. Bull. Res. Counc. 
Israel, 2: 210-211. 
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Zvi has been reported by Oleinik." The 
existence of an animal reservoir has 
been reported for Japanese B and St. 
Louis encephalitis'’® and, by analogy, 
seems likely for West Nile virus. It 
seemed of interest, therefore, to exam- 
ine a number of domestic animals for 
antibodies against the isolated virus. In 
April 1952, 8 months after the epidemic 
in Maayan Zvi, bloods were obtained 
from chickens and cows in the settle- 
ment and were examined for neutraliz- 
ing antibodies. Two of thirteen chicken 
serums tested, after inactivation for 30 
minutes at 56 C, were found to neutral- 
ize considerable amounts—10?* and 10*-7 
LDso—of virus. The other serums failed 
to neutralize the minimal amount of 
virus tested, which was 10 LDso. These 
findings suggest that chickens may play 
a role in the epidemiology of the disease. 
Further work is in progress. 

At the same time as the human epi- 
demic, an outbreak of three day sick- 
ness” occurred among the cattle of the 
settlement. Serums were obtained from 
12 animals which had come down with 
the disease. Ten of the twelve serums 
were found to neutralize at least 10 LDs5o 
of the agent isolated in Maayan Zvi. In 
6 of these serums (all inactivated) the 
exact amount of virus neutralized was 
determined. It was found that between 
10? and 10? LDso of virus were neu- 
tralized. ‘‘Normal” control serums from 
9 calves freshly imported from Europe 
were obtained while the animals were 
still in quarantine. Three of them were 
found to neutralize 107° to 10?? LDsgo 
and the rest 10°? to 10'4 LDgo of virus. 
The significance of the positive neutrali- 
zation tests obtained with the serums of 
cows from Maayan Zvi is therefore 
questionable. 


DISCUSSION 


The virus isolated in Maayan Zvi 


12, Wooldridge, G. H. 1934, Three Day Sickness 


or Ephemeral Fever. Encyclopaedia of 
Veterinary Medicine, Surgery and Obstet- 
rics, Oxford University Press, 2: 187-191. 





West NILE VIRUS IN ISRAEL 


was immunologically indistinguishable 
from West Nile virus. Its animal patho- 
genicity as far as tested also conforms 
with that reported for West Nile virus." 
Hemagglutination occurred in the pH 
range recently reported as characteristic 
for West Nile virus by Sabin.“ Pock- 
like lesions on the chorioallantoic mem- 
brane have not been described for West 
Nile virus. In our experience a strain of 
West Nile virus isolated by Melnick 
and others" in Egypt and the strain of 
West Nile virus obtained from Dr. M. 
Theiler produced lesions on the mem- 
brane, after a number of egg passages, 
similar to those produced by the virus 
from Maayan Zvi. There seems to be no 
reason to differentiate the virus isolated 
by us from West Nile virus. 

West Nile virus has until now only 
been isolated in Africa. Findings re- 
ported in this paper show that the virus 
is also present in the Near East. 

No definite illness has so far been 
associated with West Nile virus. Smith- 
burn and his associates'*® isolated their 
strain from a woman in Uganda who 
had ‘“‘a mild fever without either obvi- 
ous cause or noteworthy physical signs” 
during a routine sleeping sickness in- 
spection. Melnick and his associates,"® 
during an antibody survey in Egypt, 
isolated 3 virus strains from 3 children 
whose diagnosis was given as impetigo, 
malaria and bronchitis. Southam and 


13. Smithburn, K. C., Hughes, T. P., Burke, 
A. W. and Paul, J. H. 1940, A neurotropic 
virus isolated from the blood of a native in 
Uganda. Am. J. Trop. Med. 20: 471-493. 


. Sabin, A. B. 1951, Hemagglutination by 
viruses affecting the human nervous system. 
Fed. Proc. 10: 573-578. 

. Melnick, J. L., Paul, J. R., Riordan, J. T., 
Barnett, V. H., Goldblum, N. and Zabin, E. 
1951, Isolation from human sera in Egypt of 
a virus apparently identical to West Nile 
virus. Proc. Soc. Exper. Med. & Biol. 77: 
661-665. 

. Smithburn, K. C. 1948, Neurotropic viruses 
in central africa. Proc. 4th Internat. Congr. 
on Trop. Med. & Malaria, pp. 576-583. 
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Moore"? recently reported on the infec- 
tion of 21 cancer patients with West 
Nile virus. Viremia was present in 5 
patients and fever in 2 of the 5. These 
2 patients also developed neutralizing 
and complement-fixing antibodies on 
convalescence. No clinical symptoms 
were produced by the inoculation. 

It is obvious from these reports that 
the pathologic significance of West Nile 
virus for man has not previously been 
established. 

In the outbreak in Maayan Zvi re- 
ported in this paper the virus was iso- 
lated from a single case and antibodies 
could be demonstrated in 54% of the 
patients only. One year later similar 
outbreaks occurred in the neighborhood. 
From patients’ serums a number of 
strains of West Nile virus were isolated 
in another laboratory.’ In 3 paired 
serums from patients a rise of anti- 
bodies against the strain of West Nile 
virus isolated in Maayan Zvi was dem- 
onstrated by us. Serums from a 4th case 
already contained antibodies during 
the febrile period. Single serum speci- 
mens obtained from sporadic cases after 
recovery showed also a high titer of anti- 
bodies against West Nile virus. These 
facts suggest the etiological significance 
of West Nile virus for the clinical pic- 
ture described. It seems to be in contra- 
diction to this view that a large number 
of patients in Maayan Zvi did not. de- 
velop antibodies to West Nile virus al- 
though they presented the same clinical 
picture as the serum positive cases. No 
explanation can be given for this ap- 
parent discrepancy at the present time. 

Perusal of the literature revealed that 
the disease occurring in Mazyan Zvi 
was not a newcomer to Israel. A paper 
by Lewkowitz,'* published in 1942, de- 


17. Southam, C. M. and Moore, A. E. 1951, West 
Nile, Ilheus and Bunyamwera virus infec- 
tions in man. Am. J. Trop. Med. 31: 724-741. 

18. Lewkowitz, M. 1942, An unknown epidemic 
infectious disease. Harefuah, J. Paiest. Jew. 
Med. Ass. 22: 3-4. 
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scribes a clinical picture of probable 
virus origin with the same symptomatol- 
ogy found in Maayan Zvi and in the 
outbreaks occurring 1 year later. He 
recognized the presence of a clinical en- 
tity which did not fit into the picture of 
the known infectious diseases present in 
Israel. There is little doubt that in its 
sporadic form and perhaps also in out- 
breaks this disease can cause consider- 
able diagnostic difficulties. The clinical 
picture and the occasional absence or 


overlooking of an exanthem may simu- 
late pappataci fever. The absence of 
conjunctivitis and photophobia in the 
cases described above and their pres- 


ence in pappataci fever may be of diag- 
nostic help. The presence of swollen 
lymph glands in many cases (Lewkowitz 
estimates that swollen lymph glands 
were present in about 30% of the cases 
in the outbreak of 1941) may simulate 
the picture of rubeola. Many physicians 
have described the clinical picture as 
dengue-like and without experience, it 
may indeed be difficult to differentiate 
this disease from mild cases of dengue. 
It has to be stressed in this connection 
that serums from patients which con- 
tained West Nile 
virus in a higher titer did not react with 
an antigen for dengue virus and Aédes 
aegypti was not present in Maayan Zvi 
and in other places where outbreaks 
occurred."* 


antibodies against 
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SUMMARY 


The outbreak of an acute infectious 
disease in Maayan Zvi, a communal 
settlement in Israel, is described. Fever, 
an exanthem, headache, pain in back 
and limbs, abdominal pain and vomit- 
ing and Brudzinski’s sign in children 
were frequent symptoms. Swollen 
lymph nodes were present in a number 
of cases. From the blood of one patient 
a virus was isolated which was found 
immunologically identical with West 
Nile virus. The virus produced focal 
lesions on the chorioallantoic membrane. 
The demonstration of antibodies suc- 
ceeded in a number of patients but 
failed in others. One year later similar 
outbreaks occurred in the neighborhood. 
A rise of antibodies against the virus 
isolated in Maayan Zvi was demon- 
strated by the authors in serums of 
several patients, and a number of 
strains of West Nile virus were isolated 
from such cases in another laboratory. 

The serums of two among thirteen 
chickens in Maayan Zvi which were 
examined for neutralized 
the 


antibodies 
amounts of isolated 


strain of West Nile virus. 


considerable 
The etiological significance of West 


Nile virus for the human disease de- 
scribed above is considered. 


19. Adler, S. 1951, Personal communication, 





DIMINISHED P® ASSIMILATION BY TRYPANOSOMA EQUIPERDUM 


IN THE RAT 


LATE 


IN THE INFECTION 


WILLIAM CANTRELL 


From the Department of Pharmacology, University of Louisville School of Medicine, 
Louisville, Kentucky 


Moraczewski and Kelsey' measured 
the incorporation of P® into various 
chemical fractions of Trypanosoma equi- 
perdum. They determined the specific 
activity (counts per minute/mg of 
phosphorus) of these fractions at inter- 
vals of 1 to 9 hours after injection of a 
constant amount of P*® into heavily in- 
fected rats. 

In an attempt to use the techniques of 
Moraczewski and Kelsey in a study of 
the mode of action of trypanocidal 
drugs, we became convinced that the 
effects of some previously unsuspected 
into the results. One 
possibility was that differences in tryp- 


variable entered 


anosome concentration may be corre- 
lated the rate of 
phosphorus metabolism. The present 


with differences in 
paper describes the results of experi- 
ments designed to test this hypothesis. 


MATERIALS AND METHODS 


l'rypanosome counts were made with a hemo- 
cytometer and a red cell diluting pipette, using 
0.9% sodium chloride as the diluent. 

The radiophosphorus used in this investiga- 
tion was supplied by Oak Ridge National Labora- 
tory on authorization from the Isotopes Division, 
U.S. Atomic Energy Commission. 

P®Q, was injected in a slightly acid solution in 
0.9% NaCl and at a concentration of 100 micro- 
per The P® solution 
physiologically negligible amount of phosphorus, 


curies ml. contained a 
i.e., less than 0.25 mg per kg was injected. The 
injection was made into an exposed femoral vein 


under ether anesthesia of about 5 minutes dura- 
tion. 


Received for publication February 26, 1953. 
This work was aided by a grant to the School of 
Medicine by the Kentucky State Medical Re- 
search Commission. 
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J]. Infect. Dis. 82: 45-51. 
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P® counts were made with a thin-walled glass 
Geiger-Muller tube. Liquid sampies of 2 ml were 
placed in shallow aluminum cups in a fixed posi- 
tion under the counting tube. 

Phosphorus was determined by the method of 
Fiske and Subbarow, with the modification sug- 
gested by Gomori.? 

The trypanosomes were obtained by centrifug- 
ing citrated blood. Only the top half of the 
trypanosome layer was taken, because this af- 
fords suspensions practically free of leukocytes, 
The trypanosomes were washed twice with cold 
saline and a small amount of material in the tip 
of the centrifuge tube was discarded after each 
washing. The final trypanosome suspensions were 
examined for leukocytes at a dilution of 1:10 ina 
hemocytometer. None was present in the entire 
ruled area, which is equivalent to 0.09 cu mm of 
the undiluted suspension. These suspensions con- 
tained around 200,000 trypanosomes per cu mm. 
Four ml of each suspension were added to 5 ml of 
15% cold trichloroacetic acid as the first step of 
the fractionation procedure.’ The precipitates 
were extracted in turn with: (1) a mixture of 3 
parts alcohol and 1 part ether, (2) hot trichloro- 
acetic acid, and (3) finally with 0.2 N sodium 
hydroxide, which dissolved the rest. This gives 
four phosphorus-bearing fractions, referred to in 
the literature as acid soluble phosphorus, phos- 
pholipid, nucleic acid and phosphoprotein. 

The rats were males weighing 320 and 290 g in 
the first experiment and 304 and 324 g in the 
second experiment. They were infected by intra- 
peritoneal injection of infected blood 2 days be- 
fore the experiments were made. 


EXPERIMENTAL PROCEDURE 


In the first experiment P* was in- 
jected intravenously at a dose of 200 
microcuries per kg body weight into 2 
rats having 740,000 and 320,000 tryp- 


anosomes per cubic mm. After 2 hours 


the rats were killed and trypanosomes 


2. Gomori, G. 1942, J. 
955-960. 

. Schneider, W. C. 
293-303. 


Lab. & Clin. Med. 27: 


1945, J. Biol. Chem. 161: 
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TABLE 1.—P® in various fractions of four 
trypanosome populations. 


First experiment 
Trypanceomes per cubic millimeter: 
740 ,000 320 ,000 612,000 288 ,000 


Second experiment 


Fn counts per 10% trypanosomes 
ASP 3010+54 5520478 2940 + 37 
670 +15 1320+ 21 690+ 11 
560+15 1280423 760 + 18 
126+10 232+ 7 72+ 3 


5110 + 87 
1230 + 20 
1530 + 43 
PPP 160 + 16 


Total 


4366 8352 4462 8030 


The standard errors take into account apart the random 
nature of the radioactive disintegration process. 

ASP denotes cold trichloroacetic acid extractable P®. 

PLP alcohol-ether extractable P®. 

NAP hot trichloroacetic acid extractable P®. 

PPP the rest or phosphoprotein P®. 


were separated from the blood by cen- 
trifuging. The washed trypanosome sus- 
pensions were fractionated by the meth- 
ods of Schneider,’ whose methods were 
also used by Moraczewski and Kelsey 
The result of this experiment was that 
the trypanosomes in the less concen- 
trated population contained about twice 
as much P® in each fraction. Table 
contains the data expressed in terms of 
P® per billion trypanosomes. Table 2 
contains the data expressed in terms of 
specific activity. That this result was 
not due to a difference in availability of 
P® to the two populations was shown by 
the occurrence of virtually identical con- 
centrations of P® in the two rats at the 
end of the experiment. Over 99% of this 
plasma P® was in the form of inorganic 
phosphate, as demonstrated by its pre- 
cipitation as magnesium ammonium 
phosphate. The amount of P® remaining 
in the plasma was roughly equivalent to 
the amount in the trypanosomes. 

A second experiment was made, using 
two rats with®612,000 and 288,000 


TABLE 2.—Specific activity of various fractions 
of seus trypanosome populations. 


_F irst experiment _ Second experiment 


” Trypanceome count per cubic millimeter: 
D0 


740 ,000 


P® counts perdininute per ug of phosphorus 
17.6 6.4 .0 


320 ,000 612 288 ,000 


WILLIAM CANTRELL 


TABLE 3.—Phos phorus content of various fractions 


of four ee soccomsents 


Trypanosomes per cubic millimeter: 

“288, 000 320, 000 612, 000 740 000 

Phosphorus in wg per 10° trypanosomes 
Acid solu- 72 98 70 80 

le 

Lipid 47 48 47 37 
Nucleic 53 61 44 47 
Protein 15 : 14 10 


Total 187 220 175 174 


trypanosomes per cubic mm. The results 
were similar to those of the first experi- 
ment, except that the P® concentration 
remaining in the plasma at the end of 
the experiment was lower in the more 
heavily infected rat, although the total 
inorganic phosphorus levels were very 
similar (36.1 and 36.0 wg per ml). In 
this experiment, therefore, the trypano- 
somes in the more heavily infected rat 
were exposed to phosphate of lower 
specific activity. If the difference in 
specific activity of the plasma at the end 
of the experiment can be taken as a 
maximum value for the whole 2-hour 
period, then this difference should not 
cause the trypanosomes to differ more 
than the difference in specific activity of 
the plasma. The specific activity of the 
plasma of the less heavily infected rat 
was 1.3 times that of the more heavily 
infected rat, but the trypanosomes from 
the less heavily infected rat contained 
1.8 times as much P® per trypanosome 
as the ones from the more heavily in- 
fected rat, and the specific activities of 
various fractions of the trypanosomes 
from the less heavily infected rat were 
1.69 to 2.1 times the corresponding 
specific activities of the trypanosomes 
from the more heavily infected rat. It 
seems reasonable, therefore, 
part of the difference in P® assimilation 
to a difference in metabolic rate in the 
populations. 

A third experiment was made to test 
the reproducibility of the fractionation 
procedure. The trypanosome 


to ascribe 


suspen- 





P® ASSIMILATION BY 7°. EOUIPERDUM 


TABLE 4.—Results of duplicate fractionations 


of two trypanosome populations. 


Trypanosomes per cubic millimeter 
980 ,000 596 ,000 
P*® counts per 10° trypanosomes 
3230 5330 


3320 5400 


644 1140 
646 1140 


769 1590 
789 1660 


151 322 
182 370 


sions were divided into two equal parts 
and was done in 
parallel. The results in table 4 indicate 


that the procedure is highly reproduci- 


the fractionation 


ble, except in the case of the phospho- 
protein fraction where differences of 
about between 


15% were observed 


duplicates. 
DISCUSSION 

The course of 7. equiperdum infec- 
tions is correctly described by an ex- 
ponential curve during most of the in- 
fection,*~’ but near the end of the in- 
fection the rate of increase diminishes. 
The point of inflection is described as 
occurring about 22 hours before death, 
when there are about 400,000 trypano- 
somes per cubic mm of blood in the rat 
and when the trypanosome concentra- 


4. Taliaferro, W. H. and Taliaferro, L. G. 1922, 

Am. J. Hyg. 2: 264-319. 

. Morrell, C. A., Chapman, C. W. and Allmark, 
M. G. 1936, Am. J. Hyg. 25: 232-258. 

. Taliaferro, W. H. 1941, Am. Naturalist, 75: 
458-472. 

. Chen, G., Geiling, E. M. K. and McHatton, 
R. M. 1945, Am. J. Hyg. 41: 221-227. 
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tion reaches 400,000 to 1,000,000 per 
cubic mm in the mouse.’ If certain as- 
sumptions are made, the present results 
favor the hypothesis that the departure 
from the exponential course is due to an 
inhibition of growth rather than the 
destruction of a portion of the tryp- 
anosomes. This inhibition of growth is 
indicated by a reduced incorporation of 
phosphate in all four chemical fractions. 
The fundamental assumption is that the 
rate of growth of the trypanosome can 
be taken as a valid measure of their rate 
of reproduction. 

These results suggest certain precau- 
tions in the study of the effects of drugs 
on P® uptake in trypanosomes. It is es- 
sential that treated and untreated rats 
be at closely similar stages of the infec- 
tion and that no great change in the 
infection level occur during the experi- 
ment. Observations of the P® level in 
the plasma should be made during the 
experiment and the phosphate level of 
the plasma should be determined. 

These observations also may explain 
a puzzling result in the paper of Mora- 
czewski and Kelsey. They did not find a 
single peak in specific activity when 
they measured it at various intervals 
after injection of P®, but rather found 
one peak at 2 or 3 hours and another at 
6 or 9 hours. This might easily occur if 
the heavily infected rats varied some- 
what in the intensity of their infections. 

The phosphate content of trypano- 
somes (table 3) found in our experiments 
is in good agreement with that reported 
by Moraczewski and Kelsey. 





ISOTOPIC STUDIES OF FLUID 


AND ELECTROLYTE 


CHANGES IN 


DOMESTIC RABBITS WITH ROCKY MOUNTAIN SPOTTED FEVER 


JERRY K. AIKAWA* AND GEORGE T. HARRELLT 


From the Department of Internal Medicine, The Bowman Gray School of Medicine of 
Wake Forest College, Winston-Salem, North Carolina 


Previous studies on patients with 
Rocky Mountain spotted fever' have 
suggested that the distribution of body 
fluids and electrolyte metabolism are 


altered during the course of this disease. 


Further studies of the disturbed physiol- 


ogy of spotted fever have been per- 
formed on experimental animals. Al- 
the induced 
easily in guinea pigs, their small size 


though disease is most 


and the paucity of veins make them un- 
suitable for the performance of serial 
determinations of fluid spaces. The rab- 
bit is best suited for such a study, and 
Foot? has previously reported that clini- 
cal spotted fever can be induced in the 
domestic rabbit. 

The present experiment was under- 
taken to study in rabbits the changes in 
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fluid distribution and electrolyte con- 
centrations resulting from infection with 
Rocky Mountain spotted fever. Radio- 
active isotopes of sodium (Na™) and 
potassium (K*) were used to measure 
directly the radiosodium space and the 
exchangeable body potassium content. 


MATERIAL 


Lyophilized yolk sac material which contained 
the Bitter Root strain of Rickettsia rickettsii was 
suspended in sterile physiologic saline sclution 
and was then injected intraperitoneally into 
guinea pigs. Subsequent serial passages in guinea 
pigs were maintained by the intraperitoneal in- 
jection of physiologic saline solution, containing 
a mixture of whole blood and splenic emulsion 
which was obtained from animals in the preced- 
ing passage group. The animals from which pas- 
sage material was obtained were sacrificed on 
either the 4th or 5th day of fever (rectal tem- 
perature of 105 F or greater). All passage mate- 
rials were checked for bacterial contamination, 
and only the sterile materials were used. 

Fifteen adult domestic rabbits of mixed breeds 
were kept in individual metabolism cages and 
were fed a stock diet of compressed pellets which 
contained per gram 0.275 meq. of potassium and 
0.09 meq. of sodium. Tap water which contained 
negligible amounts of sodium and potassium was 
given without restriction. 

Since it was not technically feasible to use Na™ 
and K* simultaneously in the same animals, the 
rabbits were divided into two groups. Each of the 
seven rabbits in group 1 received an intraperi- 
toneal injection containing 3 ml of a pooled mix- 
ture of whole blood and splenic emulsion obtained 
from two guinea pigs of the third passage. Each 
of the eight animals in group 2 was inoculated 
with similar material from the sixth passage in 
guinea pigs. 


METHODS 


The methods for determining the plasma vol- 
ume, hematocrit, thiocyanate and radiosodium 
apaces, and exchangeable body potassium cor- 
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tent have been described previously.2* Serum 
sodium and potassium concentrations were de- 
termined with a Beckman Model DU flame 
spectrophotometer, 

Complement fixation tests were performed on 
the rabbit serums by a standard method,® using 
as antigen a commercial ricketsialpox materia}. 

Plan of the 
group i, 


On each rabbit in 
determinations of the 
plasma volume, the hematocrit, the 30-minute 
thiocyanate and 60-minute radiosodium spaces, 


experiment. 


two baseline 


and the serum sodium, potassium and protein 
concentrations were made 7 days apart. The 
body weight was recorded daily. Baseline comple- 
ment fixation tests were performed on serums ob- 
tained a day before the aninals were injected with 
R. rickettsii. 

Eleven days after the second baseline deter- 
minations, each animal was given 3 ml of the 
spotted fever inoculum intraperitoneally. (One 
ml aliquots of this same inoculum, when injected 
intraperitoneally into guinea pigs, killed 10 of 11 
animals.) Daily rectal temperature readings were 
made thereafter until the termination of the 
study. The measurements of fluid volume were 
repeated in each animal at intervals of 7, 13 and 
20 days after injection of the rickettsias. 

In group 2, two baseline determinations of the 
exchangeable potassium content (Ke) were made 
7 days apart in each animal. On the day the 
second Ke determination was completed, each 
animal was given 3 ml of the spotted fever in- 
oculum Rectal temperature 
readings were made thereafter until the termina- 


intraperitoneally. 


tion of the study. The Ke determinations were 
repeated in each animal 7 and 13 days after the 
injection of rickettsias. 

Statistical analysis.—The total blood volume, 
plasma volume, and thiocyanate and radiosodium 
spaces are recorded in ml per kg of body weight. 
In the statistical analysis, each animal served as 
its own control. For each animal the difference 
between the mean of the two baseline determina- 
tions and each of the single values obtained on 
the 7th and 13th days (and also on the 20th day 
in group 1) was determined, The mean differences 
between the baseline and the response values at 
the stated intervals were then calculated for the 
entire group and their significance was tested by 
the following formulas, in which d =mean differ- 


3. Aikawa, J. K. 1950, Am. J. Physiel. 162: 695 
702. 

4. Aikawa, J. K. 1951, Proc. Soc. Exper. Bio!. & 
Med. 78: 524-528. 

5. American Public Health Association. Diag- 
nostic Procedures for Virus and Rickettsial 
Diseases, 1948, New York. 
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ence, sq=standard error of the mean difference 


S=summation of, and » =number of animals: 


Sd? — (Sd)?/n 


‘4 = V/ 


rhe calculated value for ¢ was compared with the 


nin 1) 


value at (n—1) degrees of freedom, as obtained 
from standard tables; t was considered significant 
if P was 0.01 or less.* 

RESULTS 

All rabbits survived. Clinically, only 
a mild disease was induced. There was 
no evidence of peripheral edema or of 
circulatory collapse—signs which have 
been previously noted in severe cases 
occurring in human beings.' No scrotal 
lesions were observed. Two of the ani- 
mals showed petechial hemorrhages on 
the ears at the end of the first week of 
infection; no other skin lesions were 
noticed. 

The statistical results have been sum- 
marized in table 1 and the statistically 
significant changes have been indicated. 

Group 1.—In 6 of the 7 animals fever 
developed on the 3rd day after inocula- 
tion, and the 7th had fever on the 5th 
day. The mean duration of fever was 5 


days. Four of the seven rabbits showed 


a diagnostic increase in complement 
fixing antibody, the titer rising from 0 to 
16 by the end of the second week after 
inoculation. The serums were anticom- 


plementary in the remaining three ani- 
mals. 

The following statistically significant 
changes in fluid volumes and electrolyte 
concentrations were found: One week 
after inoculation, the plasma volume 
and thiocyanate space were elevated 
and the hematocrit was decreased. This 
interva! corresponds to the peak of the 
clinical disease in human beings. On the 
13th day, when the animals 
afebrile, the total blood 


were 
volume and 


6. Snedecor, G. W. 1946, Statistical Methods, 
\mes, lowa, The Iowa State College Press 
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ABLE 1.—Summary of data on fluid and electrolyte changes in 15 rabbits infected with R. rickettsii. 


Mean baseline 
value 


Weight (kg) 

Plasma volume (ml/kg) 
Hematocrit (vol. %) 

Total blood volume (ml/kg) 
Thiocyanate space (ml/kg) 
Radiosodium space (ml/kg) 
Serum sodium (meq/L) 
Serum potassium (meq/L) 
Total serum protein (gm %) 





Weight (kg) 

Exchangeable potassium 
(meq.) 166.7 
(meq/L) 81.5 


Gioup 1 (7 animals) 
3.464 


Group 2 (8 animals) 
2.029 





Days of infection 


Mean value, 


Mean value, 
7th day 


20th day 


Mean value, 
13th day 


3.478 3.540 
53.5 
34.6 
77.7* 
237 .3* 
241.3 
144.9 
3.81* 
6.67 


2.109 2.189 


148.4 
70.0 


163.2 
74.7 





* Statistically significant difference when compared with the mean base!ine value; P= <0.01. 


thiocyanate space were increased and 
the serum potassium concentration was 
decreased. This time interval corre- 
sponds to early convalescence in pa- 
tients. At 20 days, the plasma volume 
and the thiocyanate space were in- 
creased. No significant changes were 
noted in the radiosodium space or the 
serum sodium concentration at any 
time. 

Group 2.—The febrile course in this 
group of animals was similar to that in 
group 1. The mean exchangeable potas- 
sium contents 7 and 13 days after in- 
fection showed no significant changes 
when compared with the mean baseline 
value. 


COMMENT 


The physiologic changes observed in 
the rabbits are comparable to those 
found in a typical mild case of Rocky 
Mountain spotted fever in a human 
being (see case 2'), inasmuch as no 
evidence of peripheral circulatory col- 
lapse or of edema was noted, and no 
significant changes in the concentration 
of serum protein occurred. While the 
plasma volume was increased, the 
hematocrit was decreased, so that very 
little change occurred in the total blood 
volume. 


The thiocyanate space was increased 


in the rabbits, as it is even in mild cases 
occurring in human subjects. Significant 
increases, as compared with the in- 
dividual control baseline values, were 
noted on the 7th, 13th and 20th days 
after the inoculation of the rabbits with 
spotted fever rickettsias. No significant 
change was found in the radiosodium 
space, however. The baseline values in 
this group of animals were lower than 
those reported in a previous study.’ 
Since, however, serial determinations in 
any one animal were reproducible, the 
following interpretation of the experi- 
mental results is suggested. These dis- 
crepant findings between the _thio- 
cyanate and the radiosodium spaces sug- 
gest that mild spotted fever in the 
rabbit increases the rate of exchange of 
the thiocyanate ion between the extra- 
cellular and the intracellular phases, 
whereas it does not effect that of the 
radiosodium ion. Since these two vol- 
umes are practically identical in normal 
individuals’ and normal rabbits,’ this in- 
crease in the thiocyanate space without 
a corresponding increase in the radio- 
sodium space suggests that some ab- 
normal physiologic change of a rather 
subtle nature had occurred in the tissue 
cell membrane. The increase in thio- 


7. Aikawa, J. K. 1952, Am. J. Med. Sc. 224: 632- 
637. 
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cyanate space persisted for at least 19 
days after infection. It would be diffi- 
cult to explain this finding as being a 
shift of water into the extracellular com- 
partment, since such an event should 
also have increased the 
space. 


radiosodium 


The decrease in serum potassium on 
the 13th day of infection in group 1 sug- 
gests that some disturbance in potas- 
sium metabolism occurred at this time. 
Measurement of the exchangeable po- 
tassium content in group 2, however, 
showed no significant changes 1 and 2 
weeks after infection. In other disease 
states a decrease in the serum con- 
centration of potassium does not usually 
occur unless the body store of this ion 
has been previously depleted. Hence the 
finding of a low serum potassium in 
group 1 and of an unchanged Ke in 
group 2 suggests that more severe 
physiologic changes were induced in 
group 1 than in group 2, despite the ob- 
servation that the febrile course of the 
two groups was similar. A profound de- 
gree of protein catabolism has been pre- 
viously demonstrated in severe cases of 
spotted fever in human patients.*® 

The results of the present study sug- 
gest that the physiologic changes which 
are induced in domestic rabbits by ex- 
perimental inoculation with R. rickettsii 
are comparable to those produced by a 
mild natural infection in human pa- 


8. Harrell, G. T., Wolff, W. A., Venning, W. L. 
and Reinhart, J. B. 1946, South. M. J. 79: 
551-558. 


tients. 
a mild 


Foot’s observations that only 

infection with R._ rickettsii 
can be induced in domestic rabbits is 
confirmed. Domestic rabbits of mixed 
breeds appear to be naturally more re- 
sistant to this disease than guinea pigs 
or human beings. The characteristic 
febrile response and the increase in com- 
plement fixation titers, however, in- 
dicate that the animals were indeed in- 
fected with the disease. 


SUMMARY 

Experimental infection with Rickettsia 
rickettsii was induced in domestic rab- 
bits by the intraperitoneal injection of 
splenic emulsion from infected guinea 
pigs. Serial determinations of the body 
weight, temperature, plasma volume, 
hematocrit, thiocyanate and _ radioso- 
dium spaces, the exchangeable body 
potassium content and the «verum con- 
centrations of sodium, potassium, and 
protein were made. Significant increases 
in the thiocyanate space were found on 
the 7th, 13th and 20th days of infection; 
the radiosodium space was unchanged 
at these intervals. The serum potassium 
concentration was reduced on the 13th 


day of infection. However, subsequent 


determinations of the exchangeable 
potassium content revealed no signifi- 
cant changes. It is concluded that the 
physiologic changes found in experi- 
mental Rocky Mountain spotted fever 
in the domestic rabbit are qualitatively 
comparable to those observed in mild 
human cases. 
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The 32011 group of paracolon bac- 
teria (Stuart et al, 1943a; Stuart and 
Kustigian, 1943b) is composed of a num- 
ber of organisms belonging to the Para- 
colobactrum aerogenoides group (Borman 
et al, 1944; Breed et al, 1948). They 
show common biochemical reactions in 
basic mediums designed for recognition 
of members of the enteric group of or- 
ganisms. Preliminary studies revealed 
the presence of a number of antigenic 
groups but no definitive classification 
of the somatic and flagellar fractions 
was attempted (Stuart and Rustigian, 
1943b). With the increased importance 
of this group in the medical field as in- 
citants of enteric disorders and with their 
close similarity to Salmonella sp. from 
a laboratory diagnostic standpoint, it 
was felt that a further study of the anti- 
genic relationships of the somatic and 
flagellar fractions by serologic methods 
would offer a contribution to the epi- 
demiology of the group, as has previous- 
ly been demonstrated in the salmonella 
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and other paracolon groups (Arizona, 
Ballerup-Bethesda). 

Parr (1939), in a review of coliform 
bacteria, stated that certain authors 
early emphasized the serological heter- 
ogeneity of the coliform group. Peluffo 
et al (1942) studied 7 paracolon strains 
which they found to be serologically 
related to salmonellae. These strains 
gave 5 serologic types and the antigenic 
composition was studied. This was the 
beginning of the work on the Arizona 
strains, studied more fully later on. 
Edwards et al (1943) studied 44 cul- 
tures of paracolon organisms and found 
that they had H and O antigens related 
to recognized salmonella types. They 
divided this group into 14 types by 
antigenic analysis. Stuart et al (1943a) 
studied 465 cultures of paracolon or- 
ganisms biochemically and 
cally. In the paracolon Aerobacter strains 
of the second division they found that 
47.8% of the cultures were closely re- 
lated or identical serologically. Some 
contained salmonella antigens. In test- 
ing the cultures in normal aerobacter 
and salmonella antiserums, it was 
found that they were no more closely 
related to normal aerobacter than to 
salmonella. No further attempt 
made to fractionate these 
factors. In 
and 


serologi- 


was 
antigenic 
subsequent work Stuart 
(1943b) studied 149 
strains of one of the more pathogenic 
of these paracolon aerobacter cultures 
which they called 32011. The work was 
started with 35 strains. As new cultures 
were obtained it was evident that 32011 
was serologically heterogeneous. Eight 
types were finally identified. All 8 
possessed interlocking somatic and, in 


Rustigian 
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some instances, flagellar antigens. Three 
serotypes had minor unlabeled somatic 
antigens in common with Salmonella 
choleraesuis and Salmonella rubislaw. 
Twenty-two of the 149 strains did not 
belong to any of the 8 serotypes. These 
strains, however, possessed antigens in 
common with one or another of the 8 
serotypes. Barnes et al (1946) studied a 
group of paracolon organisms isolated 
from a small outbreak of mild gastro- 
enteritis and found them to be biochemi- 
cally and serologically related. Edwards 
et al (1947) made a complete review of 
the Arizona paracolon group with a 
study of 373 cultures. These cultures 
fell into 19 groups ind 55 types by anti- 
genic analysis. All are related to salmo- 
nellae. West et al (1947) studied a group 
of diphasic paracolon cultures which 
had been included in the Arizona group 
at first. An antigenic table was worked 
out, showing the relationships to each 
other, the monophasic Arizona 
strains and to the salmonella. Edwards 
et al (1948a) studied 32 strains of para- 
colon organisms which had been stud- 
ied earlier by Barnes and Cherry (1946). 
In an antigenic analysis they were able 
to divide them into 8 serologic types 
through the examination of their O and 
H antigens. They designated the organ- 
isms as the Bethesda group. Schwa- 
bacher (1949) studied 90 strains of 
paracolon bacilli, and found that there 
was no constant 
biochemical and groups. 
There also appeared to be no antigen 
common to all or even the majority of 
strains studied. Mushin (1949) studied 
36 strains of paracolon organisms that 


to 


association between 
serological 


had been isolated from various sources 
Using 9 antiserums prepared with these 
organisms, she found that 23 of the 
strains of 
these cultures also reacted in salmonella 
antiserums and 16 reacted in shigella 


were agylutinated. Seven 


antiserums. Using the reverse procedure 
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with 5 salmonella cultures, she found 
that none of them were agglutinated by 
the paracolon antiserums, while 15 of 16 
strains of shigella reacted. No titers 
are given so it is not known how com- 
plete the reactions were. Moran and 
Bruner (1949) made further studies on 
the Bethesda group of paracolon bac- 
teria and found that nine O groups could 
be divided into 25 serologic types on 
the basis of their H antigens. Bruner et 
al (1949) studied the Ballerup group of 
paracolon bacteria. Antigenically the 45 
cultures studied were divisible into 3 
groups and 21 serological types. Nine- 
teen of the cultures possessed Vi antigen. 
West (1951), in a review of the differen. 
tiation of paracolon bacteria, points out 


that the use of antiserums prepared for 
the studied groups of paracolon organ- 
isms has been very valuable in the diag- 
nosis of enteric disease in the labora- 
tory. It is thus evident that in the study 


of paracolon organisms much work is 
needed to clarify their position in the 
family Enterobacteriaceae. 


METHODS 


Source of cultures.—The 58 cultures used in this 
study conformed to the biochemical pattern 
established by Stuart and Rustigian (1943b). 

Serologic methods.—Serologic studies on this 
group of organisms followed the pattern set up 
by Edwards (1942) in the study of the salmonella 
group and also that followed subsequently by 
Edwards, West and Bruner (1947 and 1948a) and 
Moran and Bruner (1949) in their studies of 
certain paracolon groups. 

Preparation of somatic antigens.—Somatic anti- 
gens for production of antiserums in rabbits were 
prepared by heating Trypticase Soy broth cul- 
tures in a boiling water bath for 2 hours. Certain 
of the strains were found to be highly toxic to 
rabbits when given intravenously, so it was neces- 
sary to alter the above procedure by autoclaving 
the broth cultures for 24 hours at {5 pounds in- 
stead of boiling it. Edwards et al (1948a) had 
used broth cultures heated to 121 C.. 24 hours 
for preparation of their antiserums and found 
them to be equally satisfactory as antiserums 
prepared from cultures that were boiled at 100C. 
All antigens were standardized to McFarland 
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nephelometric standard #3 before inoculation. 
They were then given in the following amounts in 
an ear vein at 4-day intervals: 0.5 ml, 1.0 ml, 
2.0 ml and 3.0 ml. The rabbits were trial bled 
6 to 8 days after the last inoculation. If this 
bleeding showed that the titer was not satisfac- 
tory (1:1280 or below), a final inoculation of 1 ml 
of a heavy suspension of the organisms (prepared 
by concentration to McFarland nephelometric 
standard #10) was given. Six to eight days after 
the last inoculation animals were bled aseptically 
from the heart, the blood allowed to clot, the 
serum removed and preserved with aqueous 
merthiolate (final concentration 1:20,000). 

Preparation of flagellar antigens.—Flagellar 
antigens were prepared by first enhancing the 
motility of the culture by a number of passages 
through motility agar. Cultures were inoculated 
at the side of the petri dish of semisolid agar and 
allowed to incubate at 30 C for 18 to 24 hours. 
The organism was not considered satisfactory 
unless it had spread to the opposite side of the 
plate within that period of time. Most of the 
organisms met this criterion after 2 to 4 passages 
in the semisolid medium. One loopful was in- 
oculated into a tube of Trypticase Soy broth 
which was allowed to incubate overnight at 30 
C. One ml of this culture was inoculated into 50 
ml of Trypticase Soy broth which was incubated 
overnight. Next day an equal amount of 0.6% 
formalinized normal saline was added to the cul- 
ture. This was allowed to stand overnight at room 
temperature and was standardized to McFarland 
nephelometric standard $3 with 0.3% formalin- 
ized normal saline. Inoculations were made as 
described above. The rabbits were trial bled after 
6 to 8 days and a titer of 1:5120 was considered 
adequate. Most titers ran 1:10,240 and higher, 
but if an adequate titer was not reached, a Sth 
injection of 3.0 ml was given. The rabbits were 
bled and the serum preserved as has been de- 
scribed above. 

Preparation of agglutinating antigens.—Somatic 
and flagellar antigens as prepared above for the 
production of antiserums were used in the tube 
agglutination tests which demonstrated the 
homologous and heterologous fractions of the 
strains in this study. The somatic antigens were 
prepared in large tubes (40 ml) of Trypticase Soy 
broth, boiled for 2 hours and standardized to 
McFarland nephelometric standard #1 for the 
performance of the test. No dilution of the 
flagellar antigens was necessary when prepared 
as described above for the performance of the 
agglutination tests, since the suspensions were 
of the proper density. 

Technique of agglutination ltests.—Doubling 
dilutions of the antiserum in 0.85% saline were 
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made from 1:10 through 1:2560 for the somatic 
antigens and from 1:20 through 1: 10,240 for the 
flagellar antigens. Five-tenths of 1 ml amounts of 
the diluted serum was added to a small test tube 
and 0.5 ml of the standardized antigen added. 
Tests with the somatic antigens were incubated 
at 50 C in a water bath for 1 hour and allowed to 
stand overnight at room temperature before 
reading. With the flagellar antigens, the tests 
were incubated at 50 to 52 C for 1 hour and read. 
Titers were read as the highest dilution giving a 
2 plus reaction. 

Absorption of somatic antiserums.—Absorption 
of somatic antiserums was done by adding 10 ml 
of a 1:10 dilution of the antiserum to approxi- 
mately 0.5 ml of packed organisms, incubating at 
50 C for 1 hour and recovering the absorbed anti- 
serum by centrifugation. Large numbers of or- 
ganisms were obtained by heavily inoculating 
the cultures on Kolle flasks containing Tryp- 
ticase Soy agar, removing the growth with sterile 
saline and packing the organisms by centrifuga- 
tion. Usually 2 absorptions were necessary to re- 
move all of the homologous fraction, which was 
the criterion used throughout the study to deter- 
mine if absorption was complete. Each serum was 
checked by a tube agglutination test before being 
studied with any of the heterologous strains. 

Absorption of flagellar antiserums.—Absorp- 
tions for the flagellar fractions were made by 
adding 10 ml of a 1:20 dilution of the antiserum 
to approximately 0.5 ml of packed organisms, 
incubation at 50 C for 1 hour and recovery of the 
absorbed antiserum by centrifugation. In this 
instance, the organisms were obtained by inocula- 
tion of 5 ml of a Trypticase Soy broth culture, 
which had previously been passed to enhance the 
motility, to the surface of a Kolle flask containing 
Trypticase Soy agar. After incubation at 30 C 
for 18 to 24 hours, the growth was removed, an 
equal volume of 0.6% formalinized saline added 
and the mixture allowed to stand overnight at 
room temperature. Two to four absorptions were 
usually necessary to remove all homologous frac- 
tions, and the standards established for complete 
absorption were the same as those for the somatic 
antiserums. 

Determination of diphasic flagellar fractions. 
Tests were made to determine if these cultures 
contained diphasic flagellar antigens by using the 
technique of Gard (1937). One-tenth of 1 ml of 
antiserum was added to 15 ml of melted, cooled, 
semisolid agar and the mixture poured into a 
petri dish. After the agar had hardened the 
medium was inoculated with a loopful of the 
homologous strain on one side of the plate. The 
dish was incubated in an upright position at 
30 C for 48 hours. In case of the presence of a 
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TaBLeE 1.—Diagnostic antigenic schema of 32011 group. 
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second phase a swarming of the organism took 
place, while the homologous phase was sup- 
pressed. None of the cultures in this series showed 
diphasic fractions. 

Determination of salmonella somatic and flagellar 
fractions.—-Using 24-hour Trypticase Soy agar 
slant cultures of the organisms and salmonella 
somatic antiserums, all strains were tested for the 
presence of salmonella fractions according to the 
technique of Edwards and Bruner (1942). This 
slide agglutination technique gave excellent re- 
sults. To test for the presence of salmonella 
flagellar fractions, the technique described by 
the same authors was used. Here, with the tube 
agglutination tests, it was necessary to test 
blindly for both phase 1 and phase 2 fractions. 
Results of these tests are given in table 1. 


RESULTS AND DISCUSSION 


Table 2 shows the results of the cross 
agglutination tests with 32 
antiserums. From the first it 
pected that it would be necessary to 


somatic 
Was sus- 


prepare quite a number of antiserums 
to obtain reactions to titer of all strains. 
Hence the first 10 antiserums prepared 
were from the group of organisms sup- 
plied by Dr. C. A. Stuart. As it was 
found that antiserums did not 
give complete reactions with all the 
strains, other antiserums were prepared 
using, next, the cultures supplied by Dr. 
Barnes, and finally those obtained from 
the Army Medical Center. From the 
reactions shown in this table, all heterol- 
ogous strains showing a titer of 1:160 
or higher the 
antiserum with somatic 
antigens. After absorption of all homol- 
ogous agglutinins, each serum so pre- 
pared was used in a series of aggiutina- 
tion tests to determine if the heterol- 
ogous strains had removed all or only a 
part of the fractions. Antiserums of 
10-848, SA-599, P206 and 
P210 gave no reactions above a titer of 
1:160 except with the homologous or- 
ganisms, and so were considered to be 
single factor serums. 


these 


were used to absorb 


homologous 


cultures 


Table 3 shows the results of cross ag- 
clutination tests with 29 flagellar anti- 
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serums. The same method of selection 
of cultures for preparation of antiserums 
and the same criterion for the perform- 
ance of agglutinin absorption tests was 
followed here as was carried out in the 
somatic studies. Again, it is noted that 
there are many major fractions and 
many interlocking antigens present. 
Antiserums of culture 14-103, 19-406, 
20-167, 40-128 and P210 gave no reac- 
tions above a titer of 1:160 except with 
the homologous organisms, and so were 
considered to be single factor serums. 
Cross absorption of those antiserums 
which were not single factor serums in- 
dicated the presence of 30 somatic 
groups. This was found by assigning a 
number arbitrarily to a certain organ- 
ism and assigning the same number to 
organisms that removed all the homol- 
ogous fraction from the antiserum pre- 
pared from the key culture. As an exam- 
ple, with the antiserum of culture 26311 
(table 2) it was found that titers of 
1:160 or higher were obtained with cul- 
tures 40-128, 40-177, 82-156, 82-190B, 
100-794, 103-147, 114-30A, SRC, C-1 
and P319. Upon absorption with these 
strains only cultures 40-177, 82-190B, 
100-794and SRC removed all the homol- 
ogous fraction, while cultures 114-30A 
and C-1 reduced the titer to only about 
one-half of their original titers in the 
unabsorbed serum. Also, it was found 
that the antiserum of culture 114-30A 
reacted with many of the same organ- 
isms as that of 26311. Upon absorption, 
only culture 82-156 removed all of the 
homologous fractions,and cultures 26311 
and C-1, while reducing the titer to 
about one-eighth of their original titers 
in the unabsorbed serum, did not re- 
move all of the homologous fractions 
except those fractions common to them- 
selves and those organisms found to be 
identical to them. Finally, it was found 
that the antiserum of culture C-1 re- 
acted with many of the organisms which 





TaB_e 2.—Results of agglutination in somatic antiserums. 































































































































































































































































































































































































Whole numbers represent reciprocals of titers obtained. 
Where no numbers are given titer is less than 1: 160. 





FABLE 3.—Results of agglutination in flagellar antiserums. 
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had shown considerable titers with anti- 
serums of both 26311 and 114-30A. 
Upon absorption with these strains it 
was found that none of them completely 
removed the homologous fractions, but 
that cultures 26311 and 114-30A re- 
duced the titer to about one-fourth of 
their original titers in the unabsorbed 
serum. It is obvious, then, that cultures 
114-30A and C-1 are closely related to 
culture 26311 and its related organisms 
with respect to their somatic fractions, 
and could be shown in a diagnostic 
schema as subgroups. This is borne out 
further by the fact that all of the organ- 
isms in this large group show the same 
so1iatic salmonella fractions. 

Cross absorption of the antiserums of 
the flagellar components of this group of 
organisms revealed the presence of 28 
groups, many of which also revealed a 
number of interlocking fractions. If, as 
was done with the somatic study, the 
organisms are arranged in an arbitrary 
manner, it is possible to show close re- 


lationships of subgroups. For example, 


with the antiserum of culture 37711 
(table 3) it was found that titers of 1:160 
or higher were obtained with flagellar 
antigens of 10-305, 10-848, 22-4, 22-21, 
82-125, 89-224, 100-658, 103-147, SA- 
569SS, 56211, SRC, C-1, P206, P228, 
P253, P260 and P352. Upon absorption 
with these strains only cultures SRC 
and P253 removed all the homologous 
fraction, while cultures 89-224 and P344 
reduced the titer to about one-fourth 
their original titers in unabsorbed serum. 
It was also found that the antiserum of 
culture 89-224 reacted with many of the 
same organisms as that of 37711. Upon 
absorption none of them removed all the 
fractions, but cultures 
37711 and P344 reduced the titers to 
about one-half of their original titers in 
the unabsorbed serum. Finally, it was 
found that the antiserum of P344 re- 
acted with many of the organisms which 


homologous 
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had shown considerable titers with the 
antiserums of both 37711 and 89-224. 
Upon absorption with these strains it 
was found that cultures 100-658 and 
103-57 removed all the homologous 
fractions and that 37711 and 89-224, 
while reducing the titer to about one- 
eighth of their original titers in the un- 
absorbed serum, did not remove all the 
homologous fractions except their own 
or of those organisms found to be iden- 
tical to them. It is possible, therefore, to 
assume that cultures 89-224 and P344, 
100-658 and 103-57 are closely related 
with respect to their flagellar fractions 
to cultures 37711, SRC and P253 and 
might be designated as subgroups in a 
diagnostic schema. 

Further study of these groups of so- 
matic and flagellar fractions by means 
of slide agglutination tests with somatic 
antiserums (diluted 1:20) and by tube 
agglutination tests with flagellar anti- 
serums (diluted 1:500) showed that 
they could be combined to 21 somatic 
and 22 flagellar groups, since the sub- 
groups gave strong reactions by these 
techniques. It was thus possible to ar- 
range a diagnostic schema using the 
designation 1a for the key organism and 
1b, 1c and so forth for the subgroups. 
Table 1 gives the diagnostic antigenic 
schema for this group of organisms. 
From an examination of table 1 it is 
apparent that not all the groups are 
‘“simple’’ strains. For instance, somatic 
group 1 and flagellar group 1 contain 
only 2 organisms (26311 and 40-177) 
which show the same somatic and flagel- 
lar fractions. Organisms 82-190B and 
100-794 of the somatic group 1 consti- 
tute a separate flagellar group (15a), 
and it shows only a weak interlocking 
fraction with flagellar group 1. Organ- 
ism SRC of somatic group 1 fits into 
flagellar group 3, and organisms C-6 and 
C-7 of somatic group 4 fit into flagellar 
group 1. 
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Somatic group 2 is a more homogene- 
ous group since only one organism is lost 
from the group (P250) to form flagellar 
group 2 and the interlocking antigens 
are comparatively simple in both groups. 

This type of variations of interlock- 
ing antigens is not new since it was 
found to be present to a considerable 
degree in the Bethesda and Ballerup 
groups of paracolon organisms. 

From tables 2 and 3 it is noted that a 
number of one-sided reactions occur. 
For example, with the somatic groups, 
culture 14-103 agglutinates in anti- 
serum 114-30A to a titer of 1:2560, but 
in the reverse, culture 114-30A only ag- 
glutinates in antiserum 14 103 to a titer 
of 1:160. A much more striking exam- 
ple is with culture 19-406, which at- 
glutinates in antiserum P319 toa titer of 
1:5120+, while culture P319 shows no 
agglutination in antiserum 19-406 at all. 
A number cf these reactions also occur 
among the flagellar groups. Culture 
63511 agglutinates in antiserum 10-848 
to a titer of 1:5120, but culture 10-848 
shows no agglutination in antiserum 
63511. According to these charts there 
are 22 of reactions occurring 
the somatic groups and 18 
among the flagellar. These reactions do 
appear quite frequently in coliform cul- 
tures in both the O and H antigens and 
have been reported by Wheeler (1944), 
Edwards et al (1947) and Moran and 
Bruner (1949), 

The instances of serologic variation 


these 
among 


which have been noted above indicate 
that the classification of this group will 
certainly require further study as other 
strains are found. Since there are no 
sharp biochemical or serological bound- 
aries to the Entero- 
bacteriaceae, it must be recognized that, 


members of the 


from time to time, key organisms will be 
isolated which will help to fill in certain 
of the gaps present now. However, just 
as among the salmonellae and shigellae, 
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the 

outstanding groups 
that possess uniform biochemical char- 
acters. It is with these groups that a 
start must be made. 


there 
ganisms 


are among 


certain 


paracolon  or- 


SUMMARY AND CONCLUSIONS 


An antigenic study of 58 cultures of 
Paracolobactrum aerogenoides belonging 
to a definite biochemical group (32011 
of Stuart et al, 1943b) is presented. 

This group of organisms is divided 
into 30 somatic and 28 flagellar divi- 
sions by means of agglutinin absorption 
studies. By means of slide agglutination 
tests for somatic fractions and tube ag- 
glutination tests for flagellar fractions 
it is possible to set up subgroups with a 
resultant final division to 21 somatic and 
22 flagellar groups. A diagnostic schema 
for serologic identification of members 
of this group is presented. 

Many of these strains show odd pat- 
terns in that certain organisms belong- 
ing to one somatic group may contain 
the flagellar components of an entirely 
different somatic group. 

Many of the organisms in the group 
show from 1 to 10 somatic fractions of 
the salmonella group. These help fur- 
ther to divide the paracolon groups in 
that, when present, nearly all the organ- 
isms of the same paracolon group con- 
tain identical salmonella fractions. 

Only one organism in 
showed the presence 
flagellar fractions. 

None of the organisms in this group 
showed any reaction with a polyvalent 
flagellar Arizona group antiserum. 

None of the organisms used in the 
study showed diphasic flagellar frac- 
tions. 


this group 


of salmonella 
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THE EFFECT OF MENINGOPNEUMONITIS VIRUS INFECTION 
ON GLYCOLYSIS BY MOUSE AND RAT BRAIN 
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Many investigators have attempted 
to demonstrate independent metabolic 
or enzymatic activity of viruses with 
uniformly negative results. During the 
past few years, however, considerable 
interest has been directed toward host- 
parasite relationships, with the purpose 
of determining the effect of these intra- 
cellular parasites on the host tissue me- 
tabolism. Certain viruses have been 
shown to influence glycolytic activity 
of infected tissues. Racker and Krimsky 
(1946) reported that both the Lansing 
strain of poliomyelitis virus and Theil- 
er’s FA virus inhibit glycolysis by ho- 
mogenates of infected brains. On the 
other hand, Kun and Smith (1950) have 
found that glycolysis is activated in 
chorioallantoic membranes infected with 
the infectious myxoma virus. 

Since viruses are obligatory intra- 
cellular parasites, susceptibility or re- 
sistance to a virus infection may well be 
dependent upon the effect of the virus 
on particular enzyme systems which are 
necessary for virus growth and repro- 
duction. It seemed of interest, there- 
fore, to make comparative studies of the 
effect of a virus infection on the metab- 


olism of tissues from a highly suscep- 


tible host and on those of a relatively 
resistant host. The differences in re- 
sponse, if any, might elucidate reasons 
for differences in susceptibility. The 
present paper presents the results of 
the effect of 
meningopneumonitis virus on glycolysis 


observations made on 
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by homogenates of brains of albino mice 
and rats. 


METHODS 


Strain of virus.—The F-97 strain of meningo- 
pneumonitis virus obtained from Dr. T. Francis, 
Jr. was used throughout this work. It was main- 
tained by periodic passage in brains of mice or in 
the allantoic cavity of chick embryos. 

All titrations of the virus were carried out in 
mice inoculated intracerebrally. Groups of 8 to 10 
mice were inoculated with 0.03 ml of serial deci- 
mal dilutions of either infected allantoic fluid or 
mouse brain. Observations were made daily for 
30 days, at the end of which time the Ds was 
calculated according to the method of Reed and 
Muench (1938). 

Preparation of allantoic fluid.—Fertile eggs 
maintained at 38 C were inoculated into the 
allantoic cavity on the tenth day of incubation 
with 0.25 ml of a 10 dilution of infected allan- 
toic fluid. This dilution resulted in the death of 
embryos in 3 to 5 days. Four days after inocula- 
tion all living embryos were placed at 5 C and 
chilled overnight to facilitate harvesting the 
allantoic fluid. Stained smears of the individual 
fluids were examined, and those which contained 
large numbers of elementary bodies were pooled 
and centrifuged at 3000 r.p.m. for 10 minutes to 
remove flocculent material. This supernatant 
fluid was used either for inoculation into mice and 
rats or was concentrated for use in manometric 
experiments. Concentration was accomplished by 
centrifugation of the supernate at 13,000 r.p.m. 
for 14 hours at 5 C. The second supernate was 
discarded and the sediment made up to the 
original volume with 0.154 M potassium chloride. 
The virus was washed four additional times in 
the same manner, and after the final centrifuga- 
tion the volume was made up to one-tenth the 
original in potassium chloride. All suspensions 
were standardized turbidimetrically to 70% 
transmission of light with an Evelyn colorimeter. 
Examination of stained smears of these prepara- 
tions revealed large quantities of virus, with no 
host cells apparent. 

Animals. Mice. 
of the CF 1 strain, obtained from Carworth 
Farms, New City, New York. 


-The albino mice used were 
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Rats.—The albino rats were of the Sprague- 
Dawley strain, obtained from Dixbora Farms, 
Ann Arbor, Michigan. 

Technique for manometric studies.—In all ex- 
periments involving mice, 5- to 6-week-old ani- 
mals averaging 17 g in weight were used. Infec- 
tion was established by intracerebral injection of 
10-* or 10~* dilutions of infected allantoic fluid. 
On the first day that central nervous system 
signs or hind limb paralysis developed, both in- 
fected animals and controls (either uninoculated 
or inoculated with uninfected allantoic fluid) were 
sacrified by severing the cervical cord. The brain, 
with the exception of the cerebellum, was im- 
mediately and homogenized in_ ice 
cold distilled water, according to the technique 
of Potter and Elvehjem (1936). 

In the experiments with rats, 50 to 60 g animals 
were used. These were inoculated with undiluted 
allantoic fluid, and sacrificed 3 to 7 days later. 
rhe brains, except for the cerebellum, were im- 
mediately homogenized in 10 ml of distilled water 
by the same procedure used for mouse brains. 

After emulsification, all preparations were 
centrifuged at 2500 r.p.m. for 1 minute to throw 
down large particles and give a homogenous sus- 


removed 


pension. The supernatant material was removed 
and used for manometric studies. 

In all experiments, unless otherwise indicated, 
0.2 ml of brain suspension was placed in the side- 
arm of the Warburg flask. The other constituents 
were placed in the main chamber with final con- 
centrations as follows: 0.01 M NH,H.PO, (pH 
7.6); 0.01 M KHCO,; 0.004 M MgCl; 0.005 M 
potassium triphosphate; 0.001 M 
diphosphopyridine nucleotide; 0.02 M nicotinic 
acid amide, 0.02 M glucose (or 0.02 M potassium 
hexosediphosphate). The total reaction mixture 


adenosine 


was 2.0 ml; duplicate determinations were made 
in each instance. 

An anaerobic atmosphere was created by pass- 
ing a mixture of 95% nitrogen and 5% carbon 
dioxide through the flasks for 10 minutes at 
a pressure of 50 mm of Brodie’s solution. After a 
10-minute period of equilibration the contents of 
the sidearms were tilted into the main reaction 
chamber. The glycolytic activity of the prepara- 
tions was determined by manometric measure- 
ment of the CO, displaced from the bicarbonate 
by lactic acid, according to the following equa- 
tion: 


CH,CHOHCOOH + KHCO, = CH,;CHOHCOOK 
+H,0+CO; 


In all experiments dry weights of the brain 
suspensions were determined in duplicate on 1 
ml aliquots and were expressed as mg per ml dry 
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weight. All results are reported as Q>3, values. 
These conventionally represent tke number of 
microliters of CO, evolved in an atmosphere of 
N. per mg of tissue per hour. However, in the 
data to be presented, Q>3, values have been 
calculated on the basis of 60, 90, and 120 minute 
readings, and have been so indicated. 

Apyrase determinations were made according 
to the method of Du Bois and Potter (1943). The 
assay is based on the amount of inorganic phos- 
phate liberated from adenosine triphosphate per 
mg dry weight of tissue in 15 minutes. Inorganic 
phosphate was determined by the method of 
Fiske and Subbarow (1925). 


EXPERIMENTAL 


Comparative susceptibility of albino 
mice and rats to meningopneumonitis 
virus infection.—Mice ranging in age 
from 5 to 16 weeks were found to be 
uniformly susceptible to the virus by 
the cerebral route, LDgo titers of 10~-** 
to 10-*-? being obtained regularly. How- 
ever, rats were relatively resistant to 
lethal infection with the virus, only 8 of 
25 young rats (4 weeks old) succumbing 
when inoculated with 10% or 20% sus- 
pensions of the virus. Adult rats proved 
to be even more resistant to lethal in- 
fection, only 1 out of 18 animals dying 
after inoculation with 20% suspensions 
of the virus. Virus obtained from infected 
allantoic fluid gave the same results 
as that in brain suspensions, and hence 
was routinely used as inoculum. 

Effect of meningopneumonitis infection 
on glycolysis by homogenates of brains 
of mice.—In these experiments gly- 
colysis by homogenates of normal mouse 
brains was compared with that of 
brains from animals inoculated with 
10-* dilutions of either normal of in- 
fected allantoic fluid, representing 10* 
to 10‘ mouse LDs5o of virus. The results 
of 14 such experiments are summarized 
in table 1, with a statistical evaluation 
of the data. 

It is apparent 
homogenates of 
either with 


that 
brain 
normal 


glycolysis by 
from animals 
allantoic fluid or 
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TABLE 1.- 
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Comparison of glycolysis by homogenates of brains from normal mice with those from 


mice injected with (1) normal allantoic fluid and (2) virus-infected allantoic fluid. 


Mean 


QM: 


Homogenate 


1 hr 2 hr 


7+0.81* 47.1+1.04 


(A) 
Normal brain 


(B) 
Brain injected with normal 
allantoic fluid 


4+0.76 48.1+1.00 


(C) 
Brain injected with infected 
allantoic fluid 


7,141.01 46.6%+1.42 


* Standard error 


those injected with infected allantoic 
fluid did not differ significantly from 
normal. There was an apparently sig- 
nificant difference between these two 
values during the first hour of incuba- 
tion. This discrepancy ended in two 
hours. 

Effect of meningopneumonitis infec- 
tion on glycolysis by homogenates of 
brains of rats.—Since only slight, if any, 
alterations the rate of 
glycolysis by homogenates of infected 
mouse brains, it became of interest to 
determine if the resistance of the rat 
to meningopneumonitis infection could 
be correlated with alterations of metab- 


occurred in 


olism of infected tissues of this species. 
The only signs of disease in young rats 
is a slight rise in body temperature, ac- 
companied by loss of weight for about 
a week following introduction of the 
virus. Therefore, brains were harvested 
between 3 and 7 days after injection 
with either freshly harvested undiluted 


Required ¢ 
Group values for 
com- significance 
parison at 
5% 1% 


AB 


BC 3.012 


normal allantoic fluid or allantoic fluid 
infected with meningopneumonitis virus. 
The results of 17 such experiments are 
summarized in table 2. 

It is apparent from these data that 
significant differences in glycolysis were 
demonstrable between normal and in- 
fected brains only when observations 
were made at 1 hour; the differences 
were no longer significant at the end of 
2 hours. However, it is most striking 
that, whereas, after the first hour of 
incubation the Ons, values of the in- 
fected homogenates were greater than 
those of the normal tissues, at the end 
of 2 hours the QM, values of infected 
brains were less than those of the nor- 
mal brains. This effect is also evident 
when a comparison is made between 
the infected brains and those injected 
with normal allantoic fluid. That the 
rate of glycolysis of the infected tissues 
was greatly altered during the second 
hour of incubation is shown in table 3. 


TABLE 2.—Comparison of glycolysis by homogenates of brains from normal rats with those from 
rats injected with (1) normal allantoic fluid and (2) virus-infected allantoic fluid. 


Mean 
ou 
Homogenate Cor 
1 hr 2 hr. 


(A) 45.04+0.72 


65.5+1.48 
Normal brain 


(B) 
Brain injected with normal 
allantoic fluid 


47.44+0.86 67.84+1.% 


(C) 
Brain injected with infected 
allantoic fluid 


Required ¢ 
values for 
significance 


Group 
com- 
parison 


AB 


BC 
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TABLE 3.—Summary of percent differences from normal in rate of glycolysis by rat brains 
injected with (1) normal allantoic fluid and (2) infected allantoic fluid. 


Mean percent difference 


Group from normal 


1 hr 2 hr. 


Brain injected with normal 


allantoic fluid + §.4+1.8i +3.94+2 


Brain injected with infected 


allantoic fluid +12.74+2.25 


Furthermore, this effect was so great 
that in 10 out of the 17 experiments all 
glycolytic activity had ceased by the 
end of 90 minutes, while no such finding 
was apparent with normal tissues or 
tissues injected with normal ailantoic 
fluid. 

In order to determine whether or not 
the decreased rate of glycolysis was due 
to interference with glucose phosphory- 
lation, several experiments were per- 
formed using only homogenates in 
which glycolysis had ceased at the end 
of 90 minutes. Instead of glucose, hex- 
ose diphosphate (0.02 M) was used as 
substrate. Although complete cessation 
of glycolysis did not occur in any of 
these experimenis, there was, neverthe- 
less, a significant drop in rate of glvcoly- 
sis between the first and second hours of 
incubation. The average change in per- 
cent difference between the first and 
second hours was 28.8% with glucose as 
a substrate and 15.8% for aliquots of the 
same homogenates acting on hexose- 
diphosphate. 

A possible explanation for the inhibi- 
tion of glyco!sis shown by homoge- 


TABLE 4. 


5 


~5.9+3.06 


Change in per- 
cent difference 
normal between 
1 and 2 hours 


Required ¢ values 
for significance 


~ 1.541.119 


18.64+2.8 


nates of infected rat brains was consid- 
ered to be a change in apyrase content 
of these brains. Meyerhof and Wilson 
(1947) have shown that free sugars act- 
ing as phosphorus acceptors depend for 
their turnover on the amount of ATP 
present. The amount of the latter is de- 
creased in the presence of apyrase. 
Meyerhof and Geliazkowa (1947) dem- 
onstrated that the decrease in rate of 
glycolysis with time could be counter- 
acted by the addition of ATP, since, al- 
though the latter is regenerated during 
the glycolytic cycle, the release of large 
quantities of apyrase during homogeni- 
zation results in a continuously lowered 
concentration of ATP. Therefore, the 
rate and duration of glycolysis in ho- 
mogenates is controlled by the amount 
of apyrase present. 

A series of experiments was carried 
out to determine whether the concentra- 
tion of apyrase in the brains of rats was 
altered during infection with meningo- 
pneumonitis virus, Homogenates were 
prepared exactly as in the previous 
group of experiments and assays were 
made from 3 to 7 days after inoculation. 


Comparison of apyrase activity by homogenates of brains from normal rats with those 


from rats injected with (1) normal allantoic fluid and (2) virus-infected allantoic fluid. 


Homogenate Mg phosphorus 


(A) 
Normal brain 


(B) 
Brain injected with normal 
allantoic fluid 


29.0+1.04 


31.0+0.82 

(C) 

Brain injected with infected 
allantoic fluid 


31.741.1 


Group 
comparison 


AB 


Required ¢ values 
for significance 


or 
0 
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As may be seen from table 4, there were 
no significant changes in apyrase con- 
tent of infected brains (12 experiments). 

Effect of concentrated suspensions of 
virus on glycolysis by homogenates of rat 
brains.—Since the abrupt change in rate 
of glycolysis by homogenates of infected 
rat brains occurred only during the sec- 
ond hour of incubation, it seemed un- 
likely that this was representative of 
what would occur in the intact animal, 
but rather, was due to an effect which 
the virus had upon certain enzymes only 
after liberation from the cells. If the 
latter hypothesis were true the inhibit- 
ing effect should be obtained by adding 
virus to homogenates of normal brains. 

Ten experiments were carried out in 
which 0.2 mi of a heavy suspension of 
virus was pre-incubated for 30 minutes 
either in the sidearm of the Warburg 
flask in the presence of 0.2 ml of homog- 
enates of normal brain, or placed in 


the main chamber with the coenzymes, 


buffers, and glucose before all reactants 
were combined. Observations were made 
over a period of 2 hours. However, in 
no instance did the virus have any ap- 
parent effect on glycolysis of normal rat 
brain. 
DISCUSSION 

In attempting to determine a basis 
for susceptibility or resistance to men- 
ingopneumonitis virus it estab- 
lished that albino mice were highly sus- 


was 


ceptible to this agent by the intracere- 
bral route, while albino rats 


were relatively resistant. Adaptation 


young 


of this virus to the allantoic cavity of 
the developing hen’s egg in no way al- 
tered its capacity to infect these animals, 

It seemed logical to assume that com- 
parative studies of the effect of this 
virus upon the brain tissue of mice and 
rats might give some clue as to the rea- 
sons for the vast differences in suscep- 
tibility. Since brain has a respiratory 
quotient of approximately 1.0, indicat- 
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ing that the main source of energy is 
derived from the metabolism of glucose, 
it seemed that the best approach to this 
problem would be an investigation of 
glucose metabolism. 

When the rate of glycolysis by normal 
mouse brains was compared with that 
by infected brain or brain injected with 
normal allantoic fluid, the Q23, values 
of the normal tissues averaged 3.9 and 
0.9% higher than the infected homog- 
enates after 1 and 2 hours of incuba- 
tion. The tissue injected with normal 
allantoic fluid differed from normal by 
only 1.6 and 2.5%. However, the Q);, 
values of the infected brains averaged 
6.1% less than those of brains injected 
with normal allantoic fluid after 1 hour 
of incubation and 3.2% less at the end of 
2 hours. While the former figures appear 
to be of significance on a statistical 
basis, it seems likely that the difference 
was probably due to the injected tissue 
rather than to the presence of the virus 
itself, since neither the infected tissue 
nor that injected with normal allantoic 
fluid differed significantly from normal. 
It was concluded that, under these con- 
ditions, infection with MP virus had no 
effect on glycolysis by homogenates of 
mouse brains. 

The rates of glycolysis by homoge- 
nates of normal rat brains were then com- 
pared with those of rats inoculated with 
either normal or infected allantoic fluid 
to determine if the more resistant spe- 
cies reacted differently from the sus- 
ceptible species. It was noted that gly- 
colysis by normal rat brain, in common 
with that of normal mouse brain, con- 
tinued for at least 2 hours at a steadily 
diminishing rate. between 
the first and second hours of incubation 
the rate of glycolysis by infected ho- 


However, 


mogenates was significantly depressed 
when compared to that of normal brain 
and that injected with normal allantoic 
fluid. Whereas, the average percent dif- 
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ference in rate of glycolysis by the latter 
was only 1.5% less than normal, the 
infected tissue showed a difference in 
rate of 18.6% less than normal. More 
significant was the fact that in 59% of 
the experiments glycolysis by infected 
tissues had ceased at 90 minutes, which 
finding was never observed with normal 
brain or brain injected with normal 
allantoic fluid. The results of these ex- 
periments are in great contrast with 
those obtained when mouse brains were 
studied. The latter showed no such drop 
in rate of glycolysis between 1 and 2 
hours, nor did glycolysis cease in any of 
the experiments during the period of 
observation. On the contrary, the aver- 
age change in percent difference from 
1 to 2 hours was +0.7% for mouse 
brain injected with normal allantoic 
fluid and +2.5% for infected mouse 
brain. 

Attempts to circumvent the drop in 
rate of glycolysis by rat brain homog- 
enates were only partially successful. 
When hexosediphosphate was used as a 
substrate cessation of glycolysis did not 
occur, but, nevertheless, there was a 
change in rate of —15.8 in percent dif- 
ference between 1 and 2 hours, com- 
pared to —28.8% on the glucose sub- 
strate. It appeared, therefore, that the 
inhibition was not due to inability of 
the glucose to be phosphorylated. How- 
ever, it did seem possible that this 


phenomenon could be explained, at 


least in part, by an increase of apyrase 
activity in the infected tissue. With a 
glucose substrate, the rate of glycolysis 
is dependent on the amount of ATP 
present. During the early stages of the 


reaction, sufficient ATP was present, 
because it had been added to the system. 
However, if apyrase activity was in- 
creased in the infected tissue, the rate 
decrease more 
rapidly, and eventually glycolysis would 


of glycolysis should 


cease prior to that in normal tissue. On 
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the other hand, glycolysis of hexosedi- 
phosphate is independent of apyrase 
activity, since it does not depend on 
ATP for its turnover. An investigation 
of apyrase activity by homogenates of 
normal rat brains -and those injected 
with either normal or infected allantoic 
fluid revealed no difference 
among them. 

It also seemed desirable to determine 
whether the inhibition in the rate of 
glycolysis was due to the virus per se or 
if it was dependent upon previous 
growth and reproduction of the virus in 
the living animal. When large quantities 
of partially purified virus were added to 
homogenates of normal rat brain they 


essential 


did not alter the course of glycolysis. It 
appeared that the effect was dependent 
upon actual infection of the brain. 


SUMMARY 


Glycolysis by homogenates of mouse 
brain was unaffected by infection with 
meningopneumonitis virus. 
brain 
showed a significant decrease in the rate 
of glycolysis between the first and sec- 
ond hours of incubation on a glucose 


Homogenates of infected rat 


substrate. In a large number of experi- 
ments glycolysis by infected brain was 
completely inhibited after 90 minutes. 
Complete inhibition was avoided when 
hexosediphosphate was the substrate, 
but only partial reversal of the decrease 
occurred with this substrate. 

No significant difference in apyrase 
activity could be 
homogenates of 


between 
infected 


detected 
normal and 
rat brains. 

The addition of concentrated suspen- 
sions of the virus to homogenates of 
normal rat brain had no effect on gly- 
colysis by this tissue. 
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BACTERIA 
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Efforts to demonstrate antibiotic 
substances in cases of bacterial antago- 
nism have not been uniformly successful. 
The term “direct antagonism” was orig- 
inally used by Neufeld and Kuhn! to 
describe instances of antibiosis in which 
close contact of living cells of the antag- 
onist with those of the inhibited organ- 
ism appeared to be essential.?* More 
recently, Wynne and and 
Wynne’ were able to secure antagonism 
with Aerobacter only in the presence of 
living cells, and similar results were ob- 
tained by Frankel and Wynne* for 
Gaffkya tetragena. In view of these re- 
sults, “‘direct antagonism” 


Bowling 


was postu- 
lated as the most feasible explanation of 
the antibioses exerted by these organ- 
isms. However, recent investigations in 
this laboratory indicate the production 
of labile antibiotic substances by both 
Aerobacter and Gaffkya. 
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MATERIALS AND METHODS 


The 6 strains of G. tetragena used have been 
described previously.* Aerobacter aerogenes 8308 
was obtained from the American Type Culture 
Collection, A. aerogenes Texas from the Depart- 
ment of Bacteriology, University of Texas, 
Austin, and A. aerogenes Oklahoma from the 
Department of Plant Sciences, 
Oklahoma. Most of the experiments were per- 
formed with A. 


University of 


aerogenes 8308 and G. tetragena 
6007B. Test species included Aerobacter aerogenes 
8308, Bacillus anthracis, Bacillus mycoides, 
Bacillus polymyxa, Bacillus subtilis, Micrococcus 
pyogenes var. aureus, Salmonella paratyphi, and 
Shigella paradysenteriae. 
$7 C. 

“Staled” agar was prepared by mixing double 
strength nutrient agar with an equal volume of a 
24- to 72-hour broth culture of the 
aerobacter strains or a 5-day culture of the 
gaffkya strains. The temperature of the com- 
ponents was so adjusted before mixing that the 
temperature of the “‘staled” agar was around 45 
to 50 C, and 15 to 20 ml were poured into petri 
dishes. 


Incubations were at 


nutrient 


EXPERIMENTAL 


Chloroform-treated ‘‘staled’’ plates. 
Test species streaked on ‘‘staled”’ plates 
prepared from A. aerogenes 8308 or G. 
tetragena 6007B showed marked inhibi- 
tion (complete in 10 of 13 cases). When 


aa 


plates ‘‘staled”’ with G. tetragena were 
exposed to chloroform vapor for 2 hours 
and stored overnight in the refrigerator 
prior to streaking, there was no signifi- 
cant inhibition of test species, in keep- 
ing with previous findings.* However, 
inhibition on plates ‘“‘staled’’ with A. 
aerogenes unexpectedly persisted after 
chloroform treatment. Sterility tests in- 
dicated that exposure to chloroform had 
killed the gaffkya cells throughout the 
agar, while lethality with Aerobacter 
had occurred in only a thin surface layer. 


Since ‘‘staled’”’ plates prepared from 
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TABLE 1. 


Type data for inhibition on radial sectors of sterile nutrient agar placed on 


the surface of ‘‘staled’’ nutrient agar plates. 


A. aerogenes $8308, 
72 hours incubation before 
streaking sectors 


A. aerogenes #8308 

S. paratyphi 

B subtilis 

B. polymyxa 

B. mycoides 

B. anthracis 

Shig. paradysenteriae 
M. pyogenes var. aureus 


G. tetragena #6007B, 
9 days incubation before 
streaking sectors 


Sectors 
removed and 


Sectors 
removed and 
melt 


Sectors 
in situ 


0 
0 
0 


2 
1 
2 
0 
3 
3 
2 
1 


0, no growth; 1, slight growth; 2, moderate growth; 3, growth equal to that on controls consisting of radial sectors of agar 


on sterile agar plates with similar incubation and treatment. 


chloroform-killed broth cultures of A ero- 
bacter were reported earlier to be devoid 
of antagonistic action,® persistence of 
inhibition in the chloroform-treated 
aerobacter plates would indicate the 
possibility of an antibiotic capable of 
diffusing through the thin layer of 
agar in which the cells were killed. 
Agar barrier layers.—Layers of sterile 
agar approximately 3 mm in thickness 
were cut into radial sectors and placed 
on the surface of “‘staled’’ agar. After 
preliminary incubation of 72 hours for 
plates ‘‘staled”’ with Aerobacter or up to 
9 days for plates “‘staled"’ with Gaffkya 
the 8 test species were streaked on the 
radial sectors. Complete inhibition of 
all species occurred on layers overlying 
plates “‘staled’"’ with the aerobacter 
strains, and the majority were com- 
pletely inhibited on layers on plates 
“staled"’ with the gaffkya strains (table 
1). Sterility no living 
gaffkya or aerobacter cells in the upper 


tests showed 


portions of the barrier layers, and con- 
trols consisting of similar layers on the 
surface of sterile nutrient agar showed 
growth essentially comparable to that on 
freshly prepared nutrient agar. With 
A. aerogenes 8308 and G. tetragena 6007B 
a layer of sterile cellophane between 
the ‘‘staled’”” agar and the overlying 
radial sectors did not materially affect 
results. Furthermore, when barrier lay- 
ers were removed from such cellophane- 


covered “‘staled’’ plates and stored in a 
moist atmosphere for 3 days at 37 C 
prior to inoculation of the test species, 
inhibition persisted. Controls consisting 
of barrier layers removed from the sur- 
face of sterile nutrient 
abundant growth. 

After inhibition of test species had 


agar showed 


been demonstrated on barrier layers 
overlying plates “‘staled’’ with A. aero- 
genes 8308 and G. tetragena 6007B, the 
agar sectors were removed, melted to- 
gether, and allowed to solidify. On re- 
inoculation, all test species grew (table 
1). This finding appears to render deple- 
tion of nutrients an unlikely explana- 
tion of the observed antagonism. 
Cellophane bag dialysates—A. aero- 
genes 8308 was inoculated into nutrient 
broth containing immersed cellophane 
bags filled with broth. After incubation 
for 48 hours S. paratyphi, Shig. sonnei, 
B. subtilis or B. mycoides were inocu- 
lated inside the bags. On further incu- 
bation for 48 to 72 hours, no visible 
growth occurred with the gram-negative 
species and only slight growth with the 
gram-positive species (table 2). How- 
ever, when this inoculated broth was 
removed from the bag and incubated 
further, there was only a transient in- 
hibition, and by 24 hours growth was 
roughly equivalent to that in control 
nutrient broth. It is not apparent how 
these results can be explained on the 
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PABLE 2. 


Inhibition of test species in cellophane bags of nutrient broth immersed in 


broth inoculated with antagonist. 


A. aerogenes #8308, 
48 hours incubation before 
inoculation of test species 


48-72 hours 
incubation after 
test species 
inoculated 


S. paratyphi 0 
Shig. sonnei 0 
B. mycoides 1 
B. subtilis 0 


Broth removed 
from bag and 
further incubated 
24 hours 


3 

3 d 
3 0 
3 


G. tetragena #6007B, 
5 days incubation before 
inoculation of test species 
Broth removed 
incubation fater from bag and 
test species further incubated 
inoculated 24 hours 


48-72 hours 


3 3 
3 3 

b] 
0 1 


0. no growth; 1, slight growth; 2, moderate growth; 3, growth equal to that in sterile nutrient broth 


basis of depletion of nutrients. When 
G. tetragena 6007B was the 
antagonist, with a preliminary incuba- 
tion period of 5 days, only the gram- 
positive species were inhibited. Other- 
wise, results were similar to those with 


used as 


the aerobacter strain. 


DISCUSSION 


It would appear that the concept of 
direct antagonism” 


is inadequate to 
explain the antagonism exerted by the 
aerobacter and gaffkya strains used in 
this investigation. Furthermore, as noted 
above, it is unlikely that depletion of 
nutrients is involved. On the other 
hand, the findings just detailed are com- 
patible with the production of anti- 
biotic substances capable of diffusing 
through agar in all of the 9 organisms 
studied, and capable of diffusing through 
cellophane in the 2 strains tested. Nega- 
tive results reported by Frankel and 
Wynne’ for Gaffkya strains with an agar 
barrier technique were probably due to 
failure to use a preliminary incubation 
period prior to inoculation of test spe- 
cies. 

The inhibitory substances produced 
in agar appeared to be heat-labile, and 
those in cellophane dialysates of broth 
cultures were apparently quite unstable 
even at 37 C. These characteristics are 
compatible with previous failures to 
secure antagonism on ‘“‘staled”’ agar pre- 
pared from broth cultures killed by 
heat,***® chloroform,®® or toluene.* The 


greater lability of the antibiotic sub- 
stances in cellophane dialysates com- 
pared with agar barrier layers may have 
been due to greater production of these 
substances in solid mediums.’ At any 
rate, the marked instability noted in 
the dialysates is in keeping with nega- 
tive results secured by 
Wynne® 


from 


Bowling and 


with staled plates prepared 
dialysates of Aero- 
bacter. A relatively low level of produc- 
tion in broth of an unstable antibiotic 
would also explain the reported lack of 
antagonism in filtrates of Aerobacter*® 


and Gaffkya,® the lack of effect of age of 


cellophane 


aerobacter broth cultures used in pre- 
paring ‘‘staled”’ plates,’ and the lack of 
effect of washing aerobacter cells used 
in ‘‘staling.’’® 


Evidence for exhaustion of nutrients 
was obtained in cellophane dialysates 
on prolonged incubation of A. aerogenes 
8308. This effect was distinguished from 
inhibition due to antibiotic action by its 
ready reversal on addition of nutrients, 
but not bv heat or storage. 


SUMMARY 


Evidence is presented that the con- 
cept of “direct antagonism” is inade- 
quate to explain antagonism by Aero- 
bacter and Gaffkya. All of 3 strains of 
Aerobacter and 6 strains of G. tetragena 


. Routien, J. B. and Finlay, A. C. 1952, Prob- 
lems in the Search for Microorganisms Produc- 
ing Antibiotics. Bact. Rev. 16: 51-67. 
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studied in agar appeared to produce 


heat-labile antibiotic substances capable 
of diffusing through agar. A. aerogenes 
8308 and G. tetragena 6007B, the only 
strains tested in broth, were considered 
to produce extremely unstable sub- 
stances capable of dialysis through 
cellophane. 


After this manuscript was completed, a paper 
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by Lockhart and Powelson (1953, J. Bact. 65: 
293-296) appeared. 
findings similar to those just detailed with thin 


These workers reported 


layers of agar overlying ‘‘staled’’ agar prepared 
from a variety of bacteria. It was concluded that 
such findings could not be explained by ‘‘direct 
antagonism,"’ but that exhaustion of some es- 
sential nutrient factor(s) was probably involved. 
However, adequate controls to test this exhaus- 
tion hypothesis do not appear to have been in- 
cluded. 
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The recent reviews of Girard and 
Murray! and Seeliger and Linzenmeier? 
indicate a lack of information on the dis- 
tribution of Listeria monocytogenes in 
the body of animals or man infected 
with this organism. From the literature 
one gains the general impression that 
fatal listeriosis of rabbits and mice is a 
septicemic disease and as a consequence 
the bacteria can be isolated from nearly 
every organ.’ The spontaneous disease 


of chickens, while apparently infre- 


quent, appears to be characterized by 
localization in the heart.*® Cattle and 
sheep are frequently affected.** The 
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spontaneous disease in these animals is 
generally regarded as one of the brain 
and brain and these sites are 
usually the only tissues examined for 
the organism.* Our investigations of 
both spontaneous and _ experimental 
listeriosis in sheep provide data on this 
aspect. These data are drawn together 
in this report to give more information 
on the distribution of L. monocytogenes 
in listeriosis of sheep. This information 
may give a better understanding of the 
disease. 


stem 


MATERIALS AND METHODS 


Material for study of the spontaneous or natu- 
rally occurring disease came from six different 
farms on which outbreaks occurred. There were 
67 such field cases. Experimental fatal listeriosis 
was induced by intracarotid and intravenous in- 
jection of a 24-hour growth of L. monocytogenes 
in tryptose broth medium (0.05 ml culture per 
pound body weight for intracarotid and 0.1 ml 
for intravenous exposure). There were 33 experi- 
mentally produced cases included in this study. 
Four of the experimentally produced cases de- 
veloped in sheep that might be regarded as hav- 
ing some degree of immunity because of previous 
exposure to L. monocytogenes. Pregnant ewes 
were used in various experiments and fetuses 
from them were examined for L. monocytogenes. 
Three pregnant animals were killed 1, 2, and 4 
days respectively after exposure to L. monocyto- 
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TABLE 1, 


Natural cases 

(67 sheep) 
Tissue or fluid Cie a es 6-17 days 
No. D sheep) 


Percent 
cu 


tured pomrve cul 


Medulla oblongata 5 
Cerebellum 6 
Cerebrum 9 
Spinal cord 1 
Spinal fiuid 

Liver 

Spleen 

Kidney 

Lung 

Heart 

Lymph node 

Bone marrow 


Bacteremia 

Less than 1 day 

1-3 days 50 
5-9 days 50 


genes with fetuses still in the uterus. Abortion 
followed exposure to L. monocytogenes in six ewes. 
Thus, there were cases of natural disease, experi- 
mental disease produced in susceptible sheep, in 
pregnant ewes and in sheep which had previous 
exposure to the organism and therefore might be 
considered relatively immune. 

Cultures were attempted from the following 
tissues or fluids from most of the cases: cerebrum, 
cerebellum, medulla oblongata, liver, spleen, kid- 
ney, mesenteric lymph node, heart, lung, femoral 
bone marrow, spinal cord, spinal fluid and the 
fluids of the eye. For culture, a portion of tissue 
(0.25 to 1 g removed with sterile scissors and 
forceps in an aseptic manner) was placed in a 
sterile Ten Broeck tissue grinder. After grinding, 
the plunger of the instrument was removed, 
tryptose broth added and the grinder stoppered 
with a sterile cotton plug. This technique al- 
lowed the use of a relatively large quantity of 
tissue and minimal handling with reduced con- 
tamination. Most organs were cultured in dupli- 
cate, which increased the chances for isolation in 
event of overgrowth of a contaminant in one 
tube or if L. monocytogenes was present in small 
numbers, After incubation at 37 C cultures were 
examined for the presence of L. monocytogenes. 
Details of these methods have been reported 
previously.'® Spinal fluids were obtained by mak- 
ing a spinal tap after reflection of the skin over- 
lying the region to be examined. Fluids from the 


10. Olson, C., Jr., Dunn, L. A. and Rollins, C. L. 
1953, Methods for isolation of Listeria mono- 
cytogenes from sheep. Am. J. Vet. Res. 15: 
82-85. 
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-Distribution of L. monocytogenes in sheep dead from listeriosis. The number of attempts 
from each location is indicated and the percentage of successful isolations shown. 


Experimental cases (29) 
Intravenous exposure 
Survival time 
6-9 days 21-78 days 
(5 sheep) (S sheep) 
e UL Percent _ Percent 
tured positive tured positive 


22-63 days 
oO sheep) 
0. 
pod Percent 
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eye were obtained with a sterile syringe and 
needle after enucleation of the eye. 


Isolations from natural cases 


L. monocytogenes was found most 
often in the medulla oblongata (94%, 
table 1). In general, the organisms were 
found more frequently in various parts 
of the central nervous system than in 
the visceral organs. They were present, 
however, in from 6 to 9% of the cases in 
the lung, spleen, liver, and heart muscle. 
The kidney and mesenteric lymph node 
were the only tissues in which the or- 
ganisms were not found, although fewer 
attempts were made to isolate the or- 
ganisms from these tissues. Brain tissue 
alone contained the organism in 54 of 
the cases (table 2). 

There were 48 attempts made to cul- 
ture the organism from the brachial and 
lumbar regions of the spinal cord (table 
1). In 9 cases the organisms were found 
in bot portions of the spinal cord, in 10 
cases only the brachial region of the 
spinal cord was positive, and in 4 cases 
organisms were in the lumbar region. 
When L. monocytogenes was found in 
the spinal cord, the organisms were also 
in the brain. In order to further investi- 
gate distrikution of L. monocytogenes 
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in the central nervous system, attempts 


were made to culture it from the spinal 
fluid in 4 cases, with success in 2. In 3 
of these cases, the spinal cord itself was 
negative. In one case the brachial cord 
was positive and the lumbar cord was 
negative, whereas fluid from the Vir- 
chow-Robin space in both the brachial 
and lumbar regions contained L. mono- 
cytogenes. In another case, spinal fluid 
was obtained by a tap in the occipital 





++ 
region, 48 hours before death, just prior t 


to death and immediately after death. 


(6) 


+ ++ 


Intravenous 


The organism was isolated at each at- t+ t+++++ 
tempt. In this case, the organisms were 
much more numerous in the medulla 
than they were in the cerebellar or 
cerebral portions of the brain. Cultures 
of the brachial and lumbar cord portions 
were negative. 


++ +++ + 


Intracarotid 


Two natural cases were of unusual 
interest since L. monocytogenes was not 
found in the brain. In one instance, the 
organisms were recovered from the liver 
only even though the cerebrum, cerebel- 
lum, medulla oblongata, spleen, heart 
and lung were cultured. This animal 
died during an outbreak of listeriosis in 


(il) 


Natural cases 


a flock. The specific symptoms of the 
animal and its gross pathology at time 
of necropsy were unknown. The other 
case was in an apparently normal animal 
which had come to feed a few hours 
prior to its death. While running with 
its pen mates as they were being 
watched, the sheep fell suddenly and 
died in a few minutes. Blood counts 


.. Monocytogenes im cases classified according to location of the organism. Under each type is shown the number of 


cases from the field and those resulting from experimental exposure. The survival time of experimental cases is indicated. 





(Ss) 


were taken immediateiy and the values 


Intracarotid 


for leukocytes were characteristic of 


28-32 29 22 63 


listeriosis. The visceral organs were ap- 
parently normal, except for the heart 
muscle, which was faintly streaked with 


Distribution of I 


gray areas. Subsequent bacteriological 


? 


+ 


* Indicates number of cases. 


examination failed to demonstrate L. 
monocytogenes in any part of the brain, 


+ 
+. 


TABLE 


but the organisms were found in the 
heart muscle, liver and spleen. 
One of the outbreaks of natural dis- 


longata 
Cerebellum 
Cerebrum 
Spinal cord 
Spinal fluid 


Medulla ob- 
Survival time (days) 
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ease occurred in a flock of about 150 
ewes during the middle of lambing 
season. Nineteen of the ewes died with 
listeriosis. Eight fetuses were found 
in utero of 6 ewes. Cultural attempts 
were negative from the brain, liver, 
spleen, heart, stomach content, am- 
niotic fluid, and placental cotyledon of 
the 8 fetuses. Two ewes had three still- 
born lambs which were likewise nega- 
tive to culture. There were no abortions 
during the outbreak. Four young lambs 
died during the outbreak. Although cul- 
tures were attempted from all four, L. 
monocytogenes was isolated from the 
cerebellum and medulla of only one. 


Isolations from experimentally 
produced cases 

Since the interval between inoculation 
and death of the animals with experi- 
mental listeriosis was known, the data 
were considered on this basis, so that 
the information on cases with a very 
short course of the disease could be com- 
pared with that from cases with a long 
duration. 

Intracarotid exposure.—The survival 
period after inoculation varied from 6 to 
63 days. It must be pointed out how- 
ever, that these animals were not mani- 
festly ill during the so-called course of 
the disease. As previously reported," 
experimental listeriosis in sheep is char- 
acterized by an immediate reaction fol- 
lowing exposure (elevation of tempera- 
ture, an increase of leukocytes in the 
blood, and some depression), followed 
by an interval of apparent well being, 
then recurrence of symptoms usually 
including those referable to the central 
nervous system for a few days preceding 
death. 

L. monocytogenes was found more fre- 


11. Olson, C., Jr., Cook, R. H. and Blore, I. C. 
1950, The reaction of blood cells in experi- 
mental listeriosis of sheep. Am J. Vet. Res. 
11: 29-40. 


quently in the brain than in any other 
part of the body. It occurred much more 
frequently among the visceral organs of 
the 10 sheep with a survival time of 6 to 
17 days than among the 9 sheep with a 
survival time of 22 to 63 days (table 1). 

The duration of bacteremia im- 
mediately after exposure was followed 
in 13 of the cases. Of 4 cases that died 
within 17 days, 2 had bacteremia lasting 
from 1 to 3 days, and 2 had bacteremia 
lasting from 5 to 9 days. Of the 9 cases 
that lived from 22 to 63 days following 
inoculation, one had bacteremia of less 
than 1 day, 6 had bacteremia lasting 
from 1 to 3 days, and only 2 had bac- 
teremia lasting longer (table 1). 

There were 14 cases of fatal listeriosis 
following intracarotid inoculation on 
which there were adequate data to judge 
distribution of the organisms (table 2). 

There were 5 cases in which the or- 
ganisms were found only in the brain 
and 3 cases in which organisms were not 
present in the brain (table 2). Two of 
the latter cases were of particular in- 
terest since the organisms were isolated 
from the spinal cord and not from the 
brain. Both of these sheep showed evi- 
dence of a paralysis, as in a localized 
myelitis. In one, lameness of one front 
leg developed 50 days after exposure. 
Five days later the animal was unable to 
stand because of a spastic paralysis of 
both front legs. There was weakness of 
the hind quarters. The sensorium re- 
mained clear and the animal died sud- 
denly 3 days later. The cause of death 
could not be ascertained. The other case 
was in an animal which became unable 
to stand 18 days after exposure. At this 
time it was depressed, there was slight 
flaccid paralysis of both ears, and ptosis 
of one eye-lid, indicating dysfunction of 
the cranial nerves. The temperature was 
not elevated. During the subsequent 
week, its appetite returned and the ani- 
mal was able to stand although it pre- 
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Fic. 1 


Cross sections of heart showing localized degeneration and necrosis of heart muscle, / 


i, 


monocytogenes was isolated in pure culture from medulla oblongata, cerebrum, liver, kidney and 


heart. Sheep died 11 days after intracarotid exposure. 


ferred to lie down. Forty-three days 
alter exposure the animal again became 
unable to stand and the weakness ap- 
peared to be principally in the front legs. 
By the 56th postinoculation day, the 
weakness in the front legs had developed 
into a complete flaccid paralysis. The 
sensorium was clear but the appetite 
The 


was regarded as only slightly, 


Was very 
104.2 F 


if at all, elevated. The general condition 


poor. temperature of 


of the animal was regarded as poor and 
it was killed for necropsy examination. 


Kluid from the anterior and posterior 


chambers of both eves was cultured in 
: 


5 cases. All attempts at isolation from 


the eve were negative. 


Fatal listeriosis was produced in 4 
sheep that were regarded as partially 
immune since 3 had survived a previous 
experimental infection and one had re- 
infection. L. 
from the 
medulla oblongata in all 4 cases, from 


covered from a_ natural 


monocytogenes was_ isolated 


the cerebellum in 3, from: the cerebrum 
in 2, from the liver in 2, from the spleen 
in 2, and from the kidney in 3 cases. 
These data are not included in table 2. 
Attempts were also made to isolate the 
organism from the heart, mesenteric 
lymph node and femoral bone marrow, 
with negative results. These 4 cases 
lived 7, 23, 43, 


tively, 


and 57 days, respec- 


after inoculation. From the ani- 
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Fic. 2.Lateral aspect of heart showing large 
areas of degeneration at apex and a diffuse area 
in the wall of right ventricle. This lamb died 26 
days after intravenous exposure and the organ 


isms were found in the heart 


mal which lived 57 days, the organisms 
were present in only the medulla ob- 
longata. 

Intravenous ex posure._-Although fatal 
listeriosis does not often follow experi- 
mental intravenous inoculation, 10 
lambs (aged from 8 to 15 months) of 37 
inoculated died (table 1). Bacteremia 
persisted nearly up to the time of death 


in the 5 sheep which survived but a 


hic 4 
which died 8 days after intravenous exposure. 


kidney, lung, mesenteric lymph node and liver 


mo 


short time. Four lambs that lived 3 
weeks or longer had a bacteremia of less 
than 1 day’s duration. The remaining 
animal had a bacteremia for 48 hours. 

In general, L. monocytogenes was 
present more frequently in the brains 
of those lambs which lived longer. There 
were 2 lambs in which the organisms 
were found only in the brain. These 
lambs lived 21 and 36 days following 
intravenous exposure. Two lambs that 
died 9 and 26 days after exposure did 
not have the organism in their brains at 
necropsy. Six of the ten cases that died 
after intravenous exposure had the or- 
ganisms rather generally distributed in 
both the brain and visceral organs 
(table 2). 

The spinal fluid from 9 of the lambs 
which died following intravenous ex- 
posure was examined for L. monocyto- 
genes. In 3 instances both the spinal 
cord and spinal fluid were positive. In 
one, the spinal cord was negative and the 
spinal fluid contained the organisms. In 
two, the spinal cord contained the organ- 
isms and the spinal fluid was negative. 

One of the lambs could be regarded as 
partially resistant since it had pre- 
viously received two subcutaneous in- 
oculations of L. monocytogenes. Despite 
this, it died 25 days after an intravenous 
exposure. 


Liver with multiple focal areas of necrosis and eglarged gall bladder from a young lamb 


nocylogenes Was isolated from cerebellum, spleen, 


Such gross lesions of the liver have been uncommon. 
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Isolations from feiuses.—Six ewes lost 
their fetuses by abortion from 6 to 11 
days after exposure to L. monocytogenes. 
Five of them had been injected by way 
of the carotid artery. One received two 
subcutaneous inoculations 6 days apart. 
Abortion of twin fetuses occurred 8 days 
after the second injection. Most of the 
fetuses were quite mature (from 4 to 43 
months of pregnancy). One pregnancy 
only was of 2 months’ duration. The 7 
fetuses from the 6 ewes contained L. 
monocytogenes in all 
The results obtained in one case were 


organs cultured. 
typical of the group. In this instance ; 
susceptible ewe (#628) was given L. 
monocytogenes via the carotid artery. 
Seven days after exposure, a fetus ap- 
proximately 44 months old was aborted. 
It was obtained immediately after ex- 
pulsion but there was decomposition of 
the visceral organs, indicating that it 
had been retained in the uterus for some 
time after death. L. monocytogenes was 
isolated from the cerebrum, cerebellum, 
medulla oblongata, liver, spleen, kid- 
ney, lung, heart and the contents of the 
stomach in pure culture. The ewe had a 
bacteremia for 9 days after exposure. 
Attempts to isolate the organism from 
the blood at 11 days were unsuccessful. 
The leukocytes of the blood showed a 
reaction for about 2 weeks following ex- 
posure. Body temperature remained ele- 
vated for about 2 weeks. During this 
time the ewe was depressed and had a 


slight nasal discharge and inappetence. 


Subsequently the ewe recovered and 
became apparently normal. 

Four of the six ewes, pregnant at 
time of exposure, survived the experi- 
mental infection. One (no. 113) 
aborted her fetus at 11 days and was 
killed the following day to determine the 
distribution of organisms in her body. 
She had had bacteremia of L. monocy- 


togenes for 6 days following exposure. 


ewe 


At necropsy the organisms were found 


253 


only in her liver and spleen, although at- 
tempts were made to isolate the or- 
ganisms from the medulla oblongata, 
cerebrum, cerebellum, kidney, mesen- 
teric lymph node, bone marrow and 
lung. After abortion, the heterophils and 
lymphocytes of the blood returned to 
approximately normal or pre-exposure 
levels and rectal temperature was nor- 
mal. This ewe would probably have 
recovered. One ewe (no. 8) died 4 days 
after abortion ard 11 days after ex- 
posure. The symptoms, blood leukocyte 
reaction and body temperature, were 
characteristic for fatal experimental 
listeriosis. The organisms were isolated 
the 
spleen, lung and brachial portion of the 


from medulla oblongata, liver, 
spinal cord of this ewe, while the cere- 
brum, cerebellum, heart, kidney and 
mesenteric lymph node were negative. 
Three pregnant ewes were killed 1, 2, 
and 4 days, respectively, after exposure, 
the distribution of L. 
monocytogenes. The fetuses of the 2 ewes 
killed 1 and 2 days after exposure con- 


to determine 


tained the organism only in their brains. 
L. monocytogenes was isolated from the 
cerebrum and liver of both ewes; the 
medulla was positive in one of them and 
the cerebellum, spleen, kidney, lymph 
node and bone marrow were negative in 
both. The fetus from the ewe killed 4 
days after exposure had L. monocyto- 
genes present in (cerebellum 
liver and 
monocytogenes was found only 


its brain 


and medulla oblongata), 
spleen. L. 


in liver, spleen and lung of this ewe. 
DISCUSSION 
The results indicate that there is con- 
siderable variation in the distribution 
of L. monocytogenes in sheep that die 


with infection. The organisms 
tended to localize most frequently in 


this 


the medulla oblongata and were next 
most frequent in the adjacent cerebel- 
lum, They often occurred in the cere- 
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brum and spinal cord. Besides the cen- 
tral nervous system, L. monocytogenes 
was often found in the visceral organs. 
Of these, the liver. spleen, kidney, lung 
and heart, harbored the organisms. Le- 
sions were sometimes seen in the heart 
(fig. 1 and 2) and on one occasion in the 
liver (fig. 3). The mesenteric lymph 
nodes were generally negative, as was 
the bone marrow. Five attempts to 
culture the organisms from the anterior 
and posterior chambers of the eye were 
negative. 

There appeared to be three general 
types of pattern for distribution of L. 
monocytogenes in sheep, whether the 
disease was natural or produced by ex- 
perimental exposure. These were as 
follows: type 1, brain positive and 
viscera negative; type 2, brain positive 
and viscera positive; and type 3, brain 
negative and viscera or spinal cord posi- 
tive. 

Most of the natural cases of listeriosis 
were of type 1 (54 cases). There were, 
however, 11 natural cases classified as 
type 2 and 2 natural cases classified as 
type 3. Although most of the experi- 
mentally produced cases of listeriosis 
were of type 2 (12 cases), there were 7 
cases that could be classified as type 1 
and 5§ that could be classified as type 3. 

In general, the type 2 experimentally 

produced cases had a shorter survival 
time than the cases which could be 
classified as type 1 or type 3. It would 
therefore appear that perhaps the ani- 
mals showing type 2, in which L. 
monocytogenes was found in both brain 
and visceral organs, had a relatively 
lower degree of resistance to L. mono- 
cytogenes. This is also suggested by the 
longer duration of bacteremia which oc- 
curred in those sheep with a shorter 
survival time. Since the distribution of 
organisms in aborted fetuses would be 
of type 2, this may be related to a 
greater lack of resistance of the fetus 
compared to older animals. 


The type 3 cases were of particular 
interest since L. monocytogenes was not 
found in the brain. Since two such cases 
occurred naturally, these cannot be re- 
garded as laboratory curiosities. In four 
of the seven type 3 cases, the organisms 
were found in the heart muscle and 
three of the experimental cases had de- 
generative changes in the musculature 
(fig. 2). Two of the remaining cases had 
the organisms in the spinal cord which 
might have been responsible for the 
symptoms shown by these two animals. 
The one natural case in which the or- 
ganisms were found present in only the 
liver may have been an incidental find- 
ing and not related to cause of death of 
the animal. This observation suggests 
that L. monocytogenes can be present in 
an animal which exhibits no symptoms 
and may recover. Such a_ condition 
could be thought of as an asymptomatic 
infection. Biester and Schwarte," De 
Blieck and Jansen,” and Kerlin and 
Graham™ have reported clinical and 
pathological effects of infection with L. 
monocytogenes in the pig. Evidence of 
nonclinical infection of the pig has been 
reported by Bolin and Eveleth,” in 
which a pig dead from lye poisoning har- 
bored the organism in its liver. L. mono- 
cytogenes was isolated in our diagnostic 
laboratory from the spleen of a pig that 
died with hog cholera."* The kidney and 
heart muscle of this pig were negative. 
12. Biester, H. E. and Schwarte, L. H. 1940, 

Listerella infection in swine. J. Am. Vet. 

M. A. 96 339-342. 

. DeBlieck, L. and Jansen, J. 1943, Listerellose 
bei Tieren. A Listerellose bei Ferkeln. An- 
tonie Van Leeuwenhoek. J. Microbiol. & 
Serol. 9: 93-103. 

Kerlin, D. L. and Graham, R. 1945, Studies 

of listerellosis. VI. Isolation of Listerella 

monocytogenes from liver of pig. Proc. Soc. 

Exper. Biol. & Med. 58: 351-352. 

. Bolin, F. M. and Eveleth, D. F. 1951, Lis- 
teria monocytogenes in liver of a pig dying 
from lye poisoning. J. Am. Vet. M. A, 118: 7. 

. Woodring, F. R. 1952, Personal communica- 
tion. 
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An “opportunist”’ type of infection in a 
goat is suggested by a report of Jansen 
and van der Hurk," in which the or- 
ganisms were isolated from only the 
mesenteric lymph node of a goat that 
died of peritonitis following perforation 
of the large intestine. Bolin and Turn'™® 
found L. monocytogenes in a hen with 
Newcastle disease, the virus of which 
was isolated and regarded as the cause 
of disease in the flock from which the 
hen came. Such observations as these 
suggest the likelihood of asymptomatic 
infection with L. monocytogenes. 

The occurrence of abortion in preg- 
nant ewes 6 to 11 days after experi- 
mental exposure to L. monocytogenes 
suggests that this might occur under 
natural The outbreak of 
natural disease on one flock of ewes in 


conditions. 


the middle of lambing was not associ- 
ated with abortions. Since the natural 
outbreak was relatively severe this in- 
fundamental difference be- 
tween experimental and natural infec- 
tion in pregnant ewes. Olson'® reported 
isolation of L. monocytogenes from the 
fetal membranes or stomach contents of 


dicates a 


fetuses in one abortion of a ewe and six 


abortions of cows. He suggests that they 
might be present even at normal births. 
Graham, Hester and Levine”® obtained 


L. monocytogenes from the liver and 
abomasum in a 7-month bovine fetus. 
This organism caused abortion in 10 


and van der Hurk, C. F. G. W. 
1943, Listerellose bei Tieren. B. Listerellose 
bei der Ziege. Antonie van Leeuwenhoek. J. 
Microbiol. & Serol. 9: 104—106. 

. Bolin, F. M. and Turn, J. 1951, Nonclinical 

listeriosis of the chicken. North Dakota 
Agric. Exper. Sta. Bull. 13 (3) Jan.—Feb.: 
107-108. 
Olson, A. 1945, Beitrag zur Kenntnis der 
Listerella und Streptokokkeninfektion in 
Eihauten und in Fetus. Skand. Vet. Tidskr. 
$: 273. 

. Graham, R., Hester, H. R. and Levine, N. D. 
1939, Listerella from a premature bovine 
fetus. Science, 90: 336-337, 


7. Jansen, J. 
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days after experimental inoculation 
into a heifer.24 The aborted fetus con- 
tained the organisms in most visceral 
organs and the brain. Several other in- 
vestigators have found L. monocytogenes 
in the stomach contents of aborted 
bovine fetuses, most of which were from 
44 to 7 months gestation.” 

In one outbreak a case of listeriosis 
occurred in a pregnant ewe. The or- 
ganisms were found in her medulla 
oblongata only. The twin fetuses found 
in her uterus did not contain L. mono- 
cytogenes, although brain, liver, spleen, 
heart, lung and kidney were cultured. 
Similar negative results were obtained 
from 8 fetuses found in 6 ewes that died 
with disease in another outbreak. 


SUMMARY 


The distribution of Listeria monocyto- 
genes in with listeriosis was 
studied by culture of different parts of 
the brain and spinal cord as well as the 
various visceral organs from 67 natural 
cases of the disease and 33 experimental 
cases. 

Three general patterns or types of 
distribution were observed. In one, the 
brain contained the organisms and the 
visceral organs were negative. Most of 
the natural cases were of this type. In 


sheep 


a second type, the brain tissues were 
positive and visceral organs contained 
the organisms as well. The majority of 
experimentally produced cases of lis- 


21. Graham, R., Hester, H. R. and Levine, N. D. 
1940, Studies on listerella. I. A listerella 
strain isolated from a premature bovine fetus. 
J. Infect. Dis. 66: 91-96. 

. Evans, W. M. and Sawyer, J. E. 1942, Bovine 
abortion apparently due to Listeria infection. 
Cornell Vet. 32: 448-449. 

3. Ferguson, K. C., Bohl, E. H. and Ingalls, 
W. L. 1951, Listeria monocytogenes associated 
with bovine abortion. J. Am. Vet. M. A, 118: 
10-11. 

. Van Ulsen, F. W. 1952, Infecties met Listeria 
monocytogenes. Tijdschr. voor Diergeneesk. 


77: 889-903. 
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one-fourth of the 
natural cases were of this category. A 


teriosis and about 
third type or pattern of distribution was 
with brain negative and visceral organs 
or spinal cord positive for L. monocyto- 
genes. There were two such natural cases 
and five experimentally produced cases 
in this category. 

A long duration of initial bacteremia 
was roughly correlated with the subse- 
quent finding of L. monocytogenes in 


visceral organs. The possibility of this 


type of distribution being associated 
with a low level of resistance was con- 
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sidered. Pregnant ewes experimentally 
exposed aborted in 7 to 11 days. The 
aborted fetuses were decomposed at ex- 
pulsion and had L. monocytogenes in 
every body part examined. Abortions 
did not occur in a relatively severe nat- 
ural outbreak involving pregnant ewes. 
The fetuses in these ewes did not harbor 
the organism. 

It appears that L. monocytogenes is 
not always localized or limited to the 
central nervous system in sheep with 
listeriosis. 
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In previous reports from this labora- 
tory (Greenberg et al, 1951; Taylor et 
al, 1952) on in vitro testing of anti- 
malarials it was found that some com- 
pounds, including certain 8-aminoquino- 
lines, quinine, quinacrine, chloroquine 
and a naphthoquinone, were plasmo- 
dicidal at concentrations approximating 
those found in the blood of adequately 
treated hosts. Other compounds, 
namely, sulfadiazine, metachloridine, 
chlorguanide and two of its metabolites, 
a number of 2,4-diaminopyrimidines 
and a 2,4-diaminopteridine, were in- 
active. The most likely explanation for 


the failure of the latter compounds is 
that these compounds exert their effects 
on a late stage of the parasite and the 
system in which they were being tested 
was a nonreproducing one in which 
parasite growth was stopped at the 


stage of young schizonts. There is 


evidence that some of these compounds 
do attack late stages in the life cycle of 
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the malaria parasite (Black, 1946; 
Thurston, 1951; Mckax ean, 1951). On 
the other hand, it is conceivable that 
the antimalarial activity of some of the 
compounds was mediated through meta- 
bolic intermediates produced by the 
host (Hawking, 1947). e fact that 
two metabolic intermediates of chlor- 
guanide (Crounce, 1951; Schmidt, 1949) 
were no more active in our system than 
the parent compound re. ered the lat- 
ter explanation unlikely. However, Car- 
rington et al (1951) isolated 
another metabolite of chlorguanide 
which is considerably more active 
against Plasmodium gallinaceum in vivo 
than the parent compound. It was 
thought worth while to test this com- 
pound in our system. In addition, other 
antimalarials were tested on the pos- 
sibility that the ability or lack of ability 
to kill parasites by our technique might 
be a criterion for further classification of 
antimalarials according to the mode of 
action. 


have 


METHODS 


The details for the in vitro maintenance of the 
erythrocytic parasites of P. gallinaceum have 
been described in detail elsewhere (Taylor et al, 
1951; Greenberg et al, 1951). In these tests 
5X10® parasitized chick erythrocytes were 
rocked with the test drug in a whole chick blood 
medium at 37 C for 24 hours. The minimum 
effective concentration of a test compound was 
defined as that amount which prevented 90% of 
the parasites initially present in the culture from 
reproducing when inoculated intravenously into 
week-old chicks. This corresponds to a 1.3 day 
increase in the mean prepatent period of chicks 
inoculated from each test culture over that of 
those inoculated from untreated cultures. All 
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ACTIVITY OF ANTIMALARIALS IN VITRO 


tests were done in duplicate and each culture was 
tested in three chicks, each chick receiving 0.1 ml 
of the culture intravenously. As a zero hour con- 
trol, three chicks were inoculated each with 0.1 
ml of one of the untreated cultures. 

The minimum effective dose for each com- 
pound was obtained by the method described by 
Coatney and Sebrell (1946). 


RESULTS 


The results of some 27 experiments 
are summarized in table 1. The data in 
this table are presented in terms of the 
difference in prepatent period of the 
chicks inoculated from treated cultures 
as compared with those inoculated from 
untreated control cultures after 24 
hours of incubation. For reference pur- 
poses the mean prepatent period of all 
the chicks inoculated with untreated 
cultures in these experiments was 1.2 
days. An increase of 1.3 days in the 
mean prepatent period indicates a 90% 
reduction of viable parasites in the 
inoculum. This is the smallest difference 
which is associated with significant and 
reproducible results. From previous ex- 
perience quinine was active at 2 to 3 
mg/L. 

The amino-substituted 2,4-diamino- 
pyrimidines, DR 15,839 and DR 15,840, 
were active at concentrations of 6.25 to 
12.5 mg/L. Chlorguanide, which is con- 
siderably more active than these com- 
pounds in vivo, was active at concentra- 
tions of 100 mg/L. The triazine metab- 
olite of chlorguanide, DR 16,183, was 
inactive even at 100 mg/L. Of the two 
pantothenic acid analogues, SN 13,592 
was inactive in vitro at 100 mg/L, while 
SN 14,799 exhibited some activity at 50 
mg/L, which was not reproduced at 100 
mg/L. None of the antibiotics tested, 
although all were active in vivo, ex- 
hibited antimalarial activity in vitro, 
except at very high concentrations (100 
to 200 mg/L). Fumagillin, the most ac- 
tive of the antibiotics in vivo, was in- 
active even at 200 mg/L in vitro. 
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Stilbamidine (SN 251) was active at 
0.78 mg/L, the response of the parasites 
being graded over at least a 4-fold in- 
crease in concentration. The 5,6-ethyl- 
enedioxy-8-aminoquinoline (DR 16,112) 
was somewhat less active than the cor- 
responding 6-hydroxy-8-aminoquino- 
lines previously tested (Greenberg et al, 
1951). The thienopyridine analogue of 
pamaquine (DR_ 15,942) was com- 
pletely inactive in vivo and in vitro 
(Sheehan, 1952). DR 16,168 was among 
the most active compounds tested in 
vitro, as were other 4-aminoquinolines 
previously reported (Taylor et al, 1952). 

DISCUSSION 

On the basis of past experience we 
have found that there is a rough corre- 
lation between minimum effective ora! 
dose of a compound and the effective 
blood level of the compound. Only 4 of 
the 15 compounds tested in the present 
series killed or inhibited the malaria 
in vitro at concentrations 
which might be found in the blood of 
adequately treated chicks. The results 
with the 4-aminoquinoline (DR 16,168) 
serve to confirm our previous findings 


parasites 


with this group of compounds (Taylor 
et al, 1952). Stilbamidine (SN 251) 
represents a new series of- compounds 
with in vitro activity in our system. 
The two 2,4-alkyl (or aryl) amino- 
pyrimidines (DR 15,839 and 15,840) ex- 
hibit activity not shared with the 
diaminopyrimidines, in which the amino 
groups are unsubstituted (Taylor et al, 
1952). It has been pointed out pre- 
viously that the biological activity of 
these two groups of compounds, based 
on other data, is different (Greenberg 
and Richeson, 1951). 

Three metabolic degradation prod- 
ucts of chlorguanide have been shown in 
this report (DR 16,183) and in a pre- 
vious report (Taylor et al, 1952) to be 
inactive in our system. It seems reason- 
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able to conclude that whatever met- 
abolic pathways chlorguanide or its 
degradation products block in the 


malarial parasite are already blocked 
in our system. We have shown (Taylor 
et al, 1951) that the parasite in our in 
vitro system does not reproduce and 
that its development is blocked at the 
stage of early schizogony. Black (1947) 
found that chlorguanide and sulfadia- 
zine inhibited Plasmodium falciparum in 
vitro during the stage of maturing 
schizonts. The same site of attack has 
been described for these compounds in 
vivo against Plasmodium berghei (Thur- 
ston, 1951) and P. cynomolgi (McFad- 
zean, 1951). The same explanation for 
the failure to inhibit the parasites in 
vitro would seem to apply to th. panto- 
thenic acid analogues, 2,6-diamino- 
purine, and the broad spectrum anti- 
biotics in the present report as well as to 
the diaminopyrimidines reported to be 
inactive in our previous report (Taylor 
et al, 1952). 
Antimalarials, then, can be classified 
according to their ability to kill the 
parasite at any stage in its development, 
in which case they would be active in 
our system, or to kill the parasite only at 
stages beyond the immature schizont, in 
which case they would be inactive in our 
system. The former class (class 1) would 
include 4-aminoquinolines, 6-hydroxy- 
8-aminoquinolines, 8-amino-5,6-quino- 
linequinones, naphthoquinones, aro- 
matic diamidines, 2,4-alkyl (or aryl) 
aminopyrimidines, acridines, and qui- 
nine. The latter class (class I1) would 
include sulfonamides, metanilamides, 
diaminopyrimidines, triazines, pteri- 
dines and purines, pantothenic acid 
analogues, and perhaps, the broad spec- 
trum antibiotics. Considerable care 
must be exercised in including com- 
pounds in class II, since some com- 
pounds, such as the 6-methoxy-8- 
aminoquinolines and their relatives, re- 


sistance being produced in 
parasites. 
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quire activation by the host, after which 
they more properly belong in class | 
(Josephson et al, 1951). 

The above rough classification of anti- 
malarials would have little significance 
were it not for the fact that there were 
certain other common characteristics 
among the members of each class. 
All of the antimalarials to which re- 
sistance can be produced to the limit 
of tolerance of the host are found in 
class II. This includes chlorguanide 
(e.g., Bishop and Birkett, 1947; Wii- 
liamson and Lourie, 1947); sulfadiazine 
(Bishop and McConnachie, 1948); 
and Daraprim, 2,4-diamine-5-p-chloro- 
phenvl-6-ethylpyrimidine (Rollo, 1952). 
Although many attempts have been 
made there are no reports of resistance 
being produced to chloroquine or quina- 
crine. A small amount of resistance has 
been reported to other compounds in 
class I, i.e., a 2-fold resistance to 
quinine (Knoppers, 1949) and 4-fold re- 
sistance to pamaquine (Fulton and 
Yorke, 1941; Bishop and McConnachie, 
1952). Resistance to aromatic diami- 
dines can be readily produced in 
trypanosomes (Yorke, 1940) and Babesia 
(Carmichael and Fiennes, 194i), but 
there have been no reports of such re- 


malaria 


All the compounds which are known 


to be, or for which there is strong evi- 
dence that they are antimetabolites, 
belong to class II. The antimalarial 
activity of sulfonamides is inhibited by 
p-aminobenzoic acid (Marshall et al, 
1942; Maier and Riley, 1942); that of 
the pantothenic acid analogues by 
pantothenic acid (Brackett et al, 1946; 
Cantrell, 1949); that of chlorguanide 
and diaminopyrimidines by folic acid 
(Greenberg, 1949; Greenberg and Riche- 
son, 1950). 2,6-Diaminopurine is known 
to be an antagonist of naturally occur- 
ring purines, especially adenine, in 


by 
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bacterial cultures (Hitchings et al, 
1950). None of the compounds belong- 
ing to class I have been proven to be 
analogues of naturally occurring me- 
tabolites. 

While there are many gaps in our 
knowledge and much of the evidence is 
negative, the following hypothesis is 
presented as a guide for further in- 
vestigation: All antimalarials which in- 
hibit the parasite specifically during 
active reproduction are probably ana- 
logues of nermal metabolites and re- 
sistance to them can be readily induced; 
antimalarials which inhibit the para- 
sites at all stages of development are 
probably not analogues of natural me- 
tabolites and resistance to them cannot 
readily be produced. 


SUMMARY 
Fifteen compounds were tested for 
their activity against erythrocytic forms 
of Plasmodium gallinaceum in vitro. 
Four of these were significantly in- 
hibitory at reasonable concentrations: 


stilbamidine, a 7-chloro-4-aminoquino- 


2,4- 
diaminopyrimidines. The remainder of 
the 


line, and two amino-substituted 


compounds were essentially in- 
active: chlorguanide, two pantothenic 
acid analogues, 2,6-diaminopurine, 
aureomycin, terramycin, chlorampheni- 
col, fumagillin, a 5,6-ethylenedioxy-8- 


aminoquinoline, and a thienopyridine. 
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Rocky Mountain spotted fever in 
human beings is often characterized by 
evidences of increased capillary per- 
meability and of an altered distribution 
of body fluids and electrolytes—for ex- 
ample, hemorrhagic phenomena, edema, 
and peripheral circulatory collapse.' 
Previous studies? on domestic rabbits 
with experimentally induced infections 
showed the abnormal physiologic 
changes to be of a magnitude compar- 
able to those found in patients with a 
mild case of Rocky Mountain spotted 
fever.* Since a more severe form of the 
disease can be induced in guinea pigs, 


this species has been used in the present 
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study. The performance of serial deter- 
minations of fluid spaces was found to be 
impractical in this species; hence, tissue 
analyses were done instead. By this 
means it was possible to localize altera- 
tions in the radiosodium 
specific tissues and organs. 


space to 


MATERIALS AND METHODS 


Lyophilized yolk sac material containing the 
Bitter Root strain of Rickettsia rickettsii was sus- 
pended in sterile physiologic saline solution and 
was injected intraperitoneally into a group of 
guinea pigs. Subsequent serial passages were 
maintained by the intraperitoneal inoculation of 
whole blood or of a mixture of whole blood and 
splenic emulsion obtained from animals on the 
fourth or fifth day of fever. All passage materials 
were tested for bacterial contamination and only 
uncontaminated materials were used. 

Twelve guinea pigs weighing between 270 and 
476 g were used in the experiment. They were 
fed a stock diet of compressed pellets. Six of these 
animals (group 1) inoculated with R. 
rickettsii; the remaining six (group 2) were not 
inoculated and served as controls. The mean 
body weight of the animals in group 1 before 
inoculation was 353 g; that in group 2 was 369 
g. Each of the six guinea pigs in group 1 re- 
ceived by intraperitoneal injection 1 ml of fresh 
whole blood obtained by cardiac puncture from a 
guinea pig of the fifth serial passage. The animals 
in group 2 received the same treatment as those 
in group 1, except that no injection was made. 

The methods for determining the total radio- 
sodium space and the tissue radiosodium space 
have been described previously. The radio- 
sodium spaces of the heart, liver, kidney, spleen 
and adrenal glands were determined on two ali- 
quots of tissue from each organ. The total weight 
of each of these organs was determined in four 


were 
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trolyte concentrations in normal rabbits. Am. 
J. Physiol. 162: 695-702. 
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TABLE 1.—-Mean organ weights in sacrificed 


guinea pigs. 


Group 1 
(4 animals in- 
fected with 
R, rickettsii) 


Group 2 
(6 normal con- 
trol animals) 


0.87 
3.24 


Kidney 


A. 1.08 
B. 3.56 
A 


Heart 0.32 


B. 1.05 


0.26 
0.98 


Adrenal 0.10 
0.33 


0.05 
©.20 


Spleen A. 0.35 
1.17 


0.13 
0.49 


Liver 4 
15.55 


3.17 
11.70 


SP DP BP SP BP 


Total body weight 337 369 


A. Mean values expressed as percent of total body weight 
at the time of sacrifice. 2 
B. Mean absolute values in grams at the time of sacrifice 


animals of group 1 and in all six animals of group 
2 at the time of sacrifice. 

Plan of the experiment.—Weights and rectal 
temperatures of all animals were recorded daily. 
On the sixth day after inoculation, three animals 
in each group were put to death with ether. The 
remaining six guinea pigs were sacrificed on the 
following day. 

Previous observations on guinea pigs infected 
with the Bitter Root strain of R. rickettsit have 
shown that the clinical peak of the illness occurs 
on the sixth or seventh day after infection. 


RESULTS 


None of the six animals in the control 
group had fever (rectal temperature of 
104 F or higher). In all of the infected 
animals fever developed on the fourth 
day after inoculation; thus, three of 
these animals were sacrificed on the 
third and three on the fourth day of 


TABLE 2. 
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fever. None of the control animals lost 
weight during the period of observa- 
tion. The infected animals lost an aver- 
age of 13.8% 
weight. 

The spleens of the infected animals 
were grossly enlarged and engorged, and 
in spite of the loss in total body weight 
the mean weights of all the organs were 
greater in the infected than in the non- 
infected guinea pigs (table 1). Because 
of the small number of observations in 
the test group, a statistical analysis of 
these data was not attempted. 

There was no difference between the 
mean total body radiosodium spaces in 
the test and control animals (table 2). 
The serum sodium concentration was 
significantly decreased in the test ani- 
mals, but no change was noted in their 
serum potassium concentration. The 
radiosodium spaces of the adrenal, liver 
and kidney were significantly increased 
in the infected animals, whereas those 
of the spleen and heart were not. 


of their original body 


COMMENT 


The results of the present study in- 
dicate that in guinea pigs:infection with 
spotted fever results in a redistribution 
of the sodium ion in the body. The de- 
crease in the serum sodium concentra- 
tion suggests a diminution in the tonic- 
ity of the extracellular fluid space. 
Since the total radiosodium space was 
not altered, the total body content of 


Comparison of radiosodium spaces and electrolyte concentrations in guinea pigs with 


Rocky Mountain spotted fever and in noninfected animals. 


Total 
radio- 
sodium 
space 
(ml/kg) 


428.0 


Serum 
sodium 
(meq/1) 


Serum 


(meq /1) 

Group 1 (6 animals in- 134.0 5.38 
fected with R_ rickeltsii 

Group 2 (6 normal con 
trol animale) 


453.0 149.0 


25.0 15.0 
Statistical analysis } M 


3 2.97 
0.73 


5.05* 


* Statistically significant difference. P = <0.01 


potassium 


Radiosodium spaces of body organs 
(percent of weight) 


Spleen Heart Adrenal Liver Kidney 


16.56 25.30 22.03 17.02 43.40 


14.33 26.08 16.94 13.14 32.98 


+2.23 0.78 +5.09 +3.88 +10.42 


0.91 
2.46 


2.40 
0.33 


1.56 
3.26* 


0.67 
5 .86* 


2.61 
3.99* 
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sodium may have declined during the 
infection. 

The characteristic pathologic picture 
in Rocky Mountain spotted fever is 
that of a generalized involvement of 
peripheral blood vessels. The degenera- 
tive changes found in the endothelial 
cells and in the smooth-muscle cells of 
the media are thought to result from a 
direct injury caused by the rickettsiae. 
'n guinea pigs with experimental in- 
fections, the spleens were grossly en- 
larged, but the relative radiosodium 
spaces were not significantly altered. 
The latter finding suggests that the 
splenic enlargement was not due solely 
to extracellular edema, and that it 
might be attributed to tissue prolifera- 
tion. In contrast, the increase in the 
relative spaces of the 
adrenal, kidney and liver suggests the 


radiosodium 


presence of extracellular fluid edema, or 
perhaps an abnormal increase in the 
permeability of tissue cell membrane to 
the radiosodium ion. Such changes may 
depress the functional capacity of these 
organs, and, indeed, it has been pre- 
viously demonstrated in human sub- 
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jects that disorders of renal, adrenal and 
hepatic function are common in Rocky 
Mountain spotted fever.' The radio- 
sodium method serves as a sensitive in- 
dex of physiologic aberrations in organs 
and tissues—aberrations which may not 
be demonstrable by conventional histo- 
pathologic or chemical techniques. 


SUMMARY 


In guinea pigs infected with Rick- 
ettsia rickettsii the radiosodium spaces 


of tissues and organs were determined 
by the use of Na™. When the animals 
were sacrificed at the clinical peak of 
the illness, significant increases were 
found in the radiosodium spaces of the 
adrenal, liver and kidney, but not in 
those of the spleen or heart. The serum 
sodium concentration decreased. 
The mean weights of all the organs were 
greater in the infected animals than in 
normal control animals. The data sug- 
gest that infection with Rocky Moun- 
tain spotted fever results in redistribu- 


was 


tion of the sodium ion in the organs and 
tissues of the body. 





ANTIGENIC HEMOPHILUS PERTUSSIS VACCINES 
GROWN ON CHARCOAL AGAR 
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From the Lilly Research Laboratories, Indianapolis, Indiana 


As early as 1931 Pelouze stated, 
without elaboration, that charcoal or 
starch enhanced the growth of gono- 
cocci. Glass and Kennett (1939) re- 
ported experiments completed before 
their knowledge of the statement above, 
in which the growth of both gonococci 
and meningococci were stimulated by 
different charcoals. More recently, 
Gorelick et al (1951) produced high 
concentrations of ten species of bacteria 
in a system containing charcoal. Hemo- 
philus pertussis was first grown in a 
medium containing charcoa! by Pollock 
(1947), who put forth the hypothesis 
that the growth-promoting ability of 
charcoal was due to its ability to com- 
bine with toxic fatty acids (or similar 
compounds) present in the culture. No 
antigenic studies were reported. 

It is the purpose of this paper to re- 
port (1) antigenic studies with charcoal- 
grown H. pertussis, (2) comparison of 
charcoal agar to Bordet-Gengou agar, 
and (3) ability of other adsorbents to 
replace charcoal. 

Some pertussis vaccines grown in this 
laboratory on charcoal agar were earlier 
reported by Powell et al (1951). 


MATERIALS AND METHODS 


H. pertussis strains were obtained from three 
sources. Ten strains were gotten from Dr. Pearl 
Kendrick, two strains were gotten from the New 
York State Department of Health, and fourteen 
strains were received as fresh isolates from the 
Indiana University Medical Center. 

Charcoal agar was made by adding 2 or 3% 
agar and Norit SG charcoal to the medium of 
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Cohen and Wheeler (1946). Vaccine lots were 
made by growing H. pertussis for at least two sub- 
cultures, the first for 48 hours and the second 
for 24 hours, and then inoculating the second 
subculture (containing approximately 300 billion 
cells) into large toxin bottles containing charcoal 
agar. Other methods were described by Powell 
et al (1951). 

The growth was harvested after 48 hours by 
suspending in 50 ml of saline, followed by filtra- 
tion through two layers of 200 mesh nylon cloth 
to remove the charcoal agar particles. Cells were 
killed by the addition of formalin and Merthio- 
late (Thimerosal, Lilly). Cell turbidities were 
read in a Cenco-Sheard-Sanford Photelometer, 
Model CS, with a green filter. 

The protective activity of the vaccines was 
determined by the intracerebral mouse-protec- 
tion test as recommended by the National Insti- 
tutes of Health (1948a). The 50% end point 
doses (EDgo) of the vaccines were calculated 
by the Wilson-Worcester method as adopted for 
the pertussis vaccine potency test (National In- 
stitutes of Health, 1948b). 


RESULTS 


The effect of different charcoal con- 
centrations was determined, as shown 


TABLE 1.—Density of H. pertussis cultures 
grown 48 hours with varying con- 
centrations of charcoal. 


Charcoal concentra 
tion, percent 


Cell count, 
billion /ml 
29 
OS 163 
— 1784 
- 184 
4 1794 
6 173 
0 170 


in table 1, which summarizes the results 
of the six H. pertussis strains used. No 
significant differences in antigenicity 
were observed with these charcoal con- 
centrations. Thus, 0.2 % charcoal was 
used in the medium. When charcoal was 
left out of the medium, there was a 
drastic drop in cell growth. 
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TABLE 2.—Antigenicity and density of cultures 
grown for varying lengths of time on 
charcoal agar. 


Hours of 
growth 


Cell count, 
billion /ml 


EDs» 


ratio* 


272 
* ED,» of experimental vaccine 


ED,» of NIH vaccine 


The optimum growth period on char- 
coal agar was determined by growing 
four H. pertussis strains for varying 
lengths of time up to 96 hours. The re- 
sults are summarized in table 2. Forty- 
eight hours was considered to be the 
optimum time for harvest, since growth 
and antigenicity were high at this time. 
Longer periods of growth were imprac- 
tical because cells were extremely dif- 
ficult to remove from the agar. 

The antigenicity of pertussis vac- 
cines made from an increasing number 
TABLE 3.—Summary of the antigenicity of four 
H. pertussis strains grown at various 
subculture levels. 


Subculture no. 


ED, ratio 

10 : 0.4 

20 0.57 

35 0.66 

50 0.80 

67 3.0 
of subcultures are reported in table 3. 
Adequate potency was obtained when 
vaccines were prepared from charcoal 
agar using an inoculum subcultured as 
many as 50 times. Antigenicity was lost 
by the 67th subculture. 

H. pertussis cells grown on charcoal 
agar were very short, gram-negative 
rods. Very few long forms were seen, 
even when the cel's were subcultured 
more than 67 times. 

Altogether, 164 lots of vaccine were 
grown on charcoal agar in this labora- 
tory, with 153 of the lots (94%) equal to 
or better than the NIH reference vac- 
cine results were ob- 


potency. These 
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tained with 24 H. pertussis strains, 
which consistently produced vaccines of 
adequate potency. Six of these strains 
were originally grown’ in liquid 
mediums, and were reported as nonanti- 
genic strains. 

Charcoal agar supported growth as 
well as Bordet-Gengou agar when a 
minimum number of cells was inocu- 
lated onto the surface of both agars. Six 
colonies grew on both agars when inocu- 
lated with thirty H. pertussis cells. 


TABLE 4.—A comparison of the effect of various 


adsorbents on cultures of H. pertussis. 


Bacterial 
counts, 
billion /ml 


Concentra- 
tion, 
percent 


Adsorbent 


Norit SG charcoal 0 
Bentonite 0 
Fuller's Earth 0 
Attaclay 0 
Attaclay 0 
Potato starch 2 
Difco soluble starch 0 
Difco soluble starch 9 
Merck soluble starch 2 
Cornstarch 2 
Control (no adsorbent) 


SOON SSRN 


Both charcoal agar and_ Bordet- 
Gengou agar subcultures of the virulent 
strain no. 18323 were transferred an 
equai number of generations after the 
strain was passaged through mouse 
brain. Virulence titrations were done in 
mice after every 3 to 4 subcultures. 
The LDs5o values were approximately 
the same with both agars; the LD5. was 
approximately 100 at 4 subcultures, 
about 800 at 16 subcultures, and about 
1200 at 23 subcultures. 

Since the activated charcoal stimu- 
lated growth to a high degree, it was of 
interest to learn whether other com- 
monly used adsorbents would produce 
a similar effect. For this purpose ben- 
tonite, Fuller’s Earth, Attaclay, and 
four different starches were used in the 
concentrations indicated in table 4. 
Only Attaclay and potato starch pos- 
sessed activity near to that of charcoal. 


DISCUSSION 
This investigation has shown that 
concentrated suspensions of antigenic 
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pertussis cells can be obtained by culti- 
vation on charcoal agar. The use of a 
solid medium seems desirable because 
cells can be harvested at any desired 
concentration. When liquid mediums or 
Bordet-Gengou agar is used for growing 
H. pertussis ceils, centrifuging is neces- 
sary in the first instance to concentrate 
the cells and in the second instance to 
get rid of hemoglobin discoloration. 
Antigenic supernatant is undoubtedly 
thrown away in order to carry out these 
two procedures. The use of charcoal 
agar, on the other hand, eliminates the 
need for centrifuging. 

The results obtained indicate that the 
medium can replace Bordet-Gengou 
agar in all of its normal uses. The use of 
Bordet-Gengou agar involves prepara- 
tion of the medium, collection of blood, 
and addition of the blood just before the 
agar is used. Thus the possibilities of 
contamination are increased. Charcoal 
agar can be slanted the same day it is 
made and can be used over a period of 
several months. Only one precaution is 
necessary: the charcoal must be re- 
suspended just before the medium soli- 
difies. 

Starch has been used in the place of 
charcoal with good results (Ley and 
Mueller, 1946; Boyd and Casman, 1951; 
Gorelick et al, 1951). This investigation 
generally confirms the results of Pollock 
(1947), who found that starch was not 
as efficient or reliable as charcoal. 

The difficulties encountered in experi- 
mentation with H. pertussis are recog- 
nized. The National Institutes of Health 
mouse test takes into account the fact 
that vaccines can normally vary up to 
140% and down to 72% of the standard 
vaccine potency. More recent develop- 
ments indicate that the normal mouse 
potency tests vary over a wider range 
than indicated above (Gerwe, 1953). 
Thus the mouse test is suitable for dis- 
tinguishing between vaccines which are 


P. W. ENsSMINGER, C. G. CULBERTSON, AND H. M. POWELL 


widely different, but cannot differen- 
tiate vaccines which are slightly differ- 
ent. 


SUMMARY 


Hemophilus pertussis grown on char- 
coal agar for 48 hours can be harvested 
in concentrated cell suspensions. Anti- 
genicity was satisfactory even when a- 
large number of subcultures was used. 

Bordet-Gengou agar can be replaced 
by charcoal agar in all of its normal 
uses. 

Starch and other adsorbents used in 
the place of charcoal produced inferior 
cell counts and potency. 
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The mechanism by which 2,4-dinitro- 
phenol (DNP) retards assimilation of 
nutrients' and growth has not yet been 
worked out in detail, but interference 
with the esterification of phosphate? in 
mitochondrial preparations and a reduc- 
tion in the cellular content of adenine 
triphosphate and phosphocreatine’ are 
important features of the action of this 
substance. Since DNP may produce 
these effects without a reduction in the 
rate of respiration, it has been postu- 
lated*® that the energy produced by oxi- 
dation of substrates, which normally is 
channeled through high energy phos- 
phate bonds to useful cellular function, 
is instead dissipated. 

Evidence that growth of influenza 
virus is dependent upon active energy 
production by the host cell has been 
summarized in a previous paper.‘ In tis- 
sue cultures, omission of glucose,’ addi- 
tion of small amounts of dinitrophenol 
to the medium,‘ or interference by malo- 
nate with the operation of the Krebs 
cycle’ all retard the growth of virus. In 
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mice fluoroacetate apparently inhibits 
the virus by interference with oxidation 
of citric acid.? Our observations with 
DNP* have been confirmed independ- 
ently by Ackermann.* In other earlier 
studies DNP at a concentration of 
10-*M has been reported to be in- 
hibitory to vaccinia virus in tissue cul- 
tures,’ but much higher concentrations 
failed to inhibit the growth of psitta- 
cosis virus.'® Addition of dinitrophenol 
at concentrations of 2.3X10- M to a 
culture of Escherichia coli B infected 
with bacteriophage T2r+ led, under 
certain conditions, to premature lysis of 
the bacteria, prevention of the forma- 
tion of new phage, and loss of the in- 
fecting phage." 

This paper will present details about 
the action of DNP on cellular viability 
and growth of influenza virus in tissue 
cultures, and will describe the special 
conditions under which DNP wil: par- 
tially inhibit the growth of virus with- 
out at the same time inhibiting respira- 
tion and causing irreversible changes 
leading to death of the host cell. Pre- 
liminary studies on the inhibition of in- 
fluenza virus by DNP in the allantoic 
sac of intact chick embryos will also be 
presented. 
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MATERIALS AND METHODS 


Virus.—The PRs egg passage strain of in- 
fluenza A was used in all experiments. Infectivity 
titrations in tissue cultures, de-embryonated eggs, 
or in the allantoic sac of chick embryos were done 
by the usual methods. 

Dinitrophenol was dissolved in distilled water 
and sterilized by heating to 80 C for 20 minutes. 
It was then neutralized with dilute sodium hy- 
droxide and made up to the desired concentration 
in the tissue culture medium. Unless otherwise 
noted the virus was added within an hour after 
the DNP. 

Tissue Chorioallantoic membrane 
from 10- to 12-day-old chick embryos was used 
for tissue cultures. The suspended tissue prepa- 
ration in 50 cc Erlenmeyer flasks has beer de- 
scribed previously. As a medium Hanks’ bal- 
anced salt solution was used without the addition 
of serum, chick embryo juice or serum ultrafil- 
trate. 


cultures. 


Incubation of the tissue preparations in a 
covered water bath containing an apparatus for 
gently rocking the flasks at a rate of 30 to 40 
oscillations per minute was found to be advan- 
tageous. Oxygenation, escape of carbon dioxide, 
and removal of metabolic products from the im- 
mediate vicinity of the tissue fragments were 
facilitated. Loosely fitting aluminum caps were 
used to cover the necks of the flasks and evapora- 
tion of medium which would occur in an ordinary 
incubator was prevented by the almost saturated 
humidity in the atmosphere above the water of 
the bath. Allowing carbon dioxide to escape at 
will helped to prevent the drop in pH which oc- 
curs in stoppered flasks. This is a detail of some 
importance in experiments with DNP, which has 
been shown to stimulate aerobic glycolysis of 
mammalian cells as well as respiration.* In our 
early experiments with Maitland tissue cultures 
containing 0.1% glucose in the medium and 
buffered with sodium bicarbonate, concentra- 
tions of DNP down to 10 yg per ce caused a rapid 
drop in pH not seen in controls without DNP. 

When 0.1% pyruvate* was used as a substrate 
in place of glucose, little formation of acids other 
than carbon dioxide was observed, and in the 
shaken cultures the pH actually tended to rise. 
In this system increased acid formation was not 
stimulated by DNP. A similar observation with 
pyruvate and DNP has been reported by Lardy 
and Phillips.* By the use of combinations of 
12. Lardy, H. A. and Phillips, P. L. 1943, J. Biol. 

Chem. 149: 177-182. 

* Nutritional Biochemicals reagent grade sodi- 

um pyruvate. 


glucose and pyruvate it was found possible to 
maintain the pH at a relatively constant level 
even in the absence of bicarbonate buffer. Addi- 
tion of glucose pet.nitted somewhat better growth 
of virus than with pyruvate alone. 

Explants.—In order to test the viability of tis- 
sue from the suspended cell preparations after 
various periods of incubation with and without 
DNP, explants were made to a fibrin clot medium 
in roller tubes containing 1 cc of balanced salt 
solution. These explants were examined micro- 
scopically for extension or growth of*epithelium 
and fibroblasts. Most significance was attached 
to the appearance of the epithelium since in- 
fluenza virus appears to grow in these cells rather 
than in fibroblasts."* This method of transfer to 
a fresh nutrient medium was also used to test the 
reversibility of virus inhibition by DNP as cor- 
related with survival of the tissue. 

Oxygen consumption.—The direct method of 
Warburg was used to determine oxygen uptake of 
samples of minced tissue taken from flask cultures 
after various periods of incubation. The gaseous 
phase was air and absorption of carbon dioxide 
was accomplished with 10% potassium hydroxide 
in the center cup. The volume of tissue packed 
by centrifugation was measured in graduated 
centrifuge tubes. About 0.1 to 0.2 cc of tissue was 
suspended in 2 cc of balanced salt solution con- 
taining 0.1% glucose. Measurements of oxygen 
uptake extended over a period of 3 or 4 hours. 


RESULTS 


Effect of DNP on oxygen consumption 
of chorioallantoic tissue.—Fresh chorio- 
allantoic membrane was minced, rinsed 
three times in balanced sait solution, 
and placed in the Warburg vessels. 
Four sets of measurements were done 
with and without DNP (added from the 
side arm at 1 hour) using balanced salt 
solution (a) with 0.1% glucose, (b) with 
glucose and 0.1% powdered calcium 
carbonate, (c) with 0.1% pyruvate, and 
(d) without substrate. Penicillin and 
streptomycin in amounts of 20 yg of 
each were added to prevent bacterial 
growth. 

The results of these experiments are 
shown in figure 1. In the control prepa- 


13. Stulberg, C. S. and Schapiro, R. 1953, J. 
Immunol. 70: 51-59. 
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Effect of DNP at a concentration of 20 ug/cc on the oxygen consumption of chorioallantoic 


tissue. Solid lines represent controls; broken lines, preparations with DNP and balanced salt solution 
with (a) 0.1% glucose, (b) 0.1% glucose and 0.1% calcium carbonate, (c) 0.1% pyruvate, (d) no sub- 


strate. 


rations there was essentially no dif- 
ference in the rate of oxygen consump- 
tion between the four groups during 
the first few hours. In the preparations 
containing calcium carbonate the extra 
carbon dioxide resulting from reaction 
with the products of glycolysis was ap- 
parently absorbed efficiently by the 
potassium hydroxide in the center well. 
The respiration appeared to be almost 
entirely endogenous because it was not 


appreciably stimulated by the presence 


of glucose or pyruvate. To simplify the 
graphic presentation the results for the 
four sets of controls have been averaged 
and presented as a single line up to 6 
hours in figure 1. At 24 hours however, 
the oxygen consumption of the controls 
with glucose was almost twice that of 
the others, indicating that glucose in 
the medium permitted the replacement 


of the endogenous substrate, thus main- 
taining the respiration above that with 
pyruvate. 

When DNP at a final concentration 
of 20 wg per cc (1.1K 10~* M) was added 
to tissue with glucose there was an 
initial stimulation of respiration lasting 
not more than 1 hour, followed by a 
marked decrease to one-tenth of the 
initial rate by 4 hours. The drop in 
respiration was accompanied by a fall 
in«pH from the initial level of 7.6 to 
below 7.0, as judged by the change in 
color of the phenol red indicator. The 
abrupt drop in respiration did not occur 
when calcium carbonate was present 
and the pH remained above 7.6, or when 
glycolysis was prevented by omitting 
glucose from the mediu:... A prolonged 
stimulation of respiratiy.. by DNP was 
produced by addition of pyruvate. The 
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TABLE 1. 


DNP, 
ug / ce 


Virus PRs Medium. t 
percent 
10-*t 10 02G; 
0 02G; 
10 10 02G; 
0 02G; 0.1P 
10 10 iP 
0 IP 
10 10 1G 
0 1G 
t G glucose; P = pyruvate. 
* At 4 days 
** Explanted at 5 days; oxygen rate, microliters per 


D. EATON AND MAUDE E. 


PERRY 


Effect of Hatpepiont on growth of influenza virus in tissue cultures. 


Hemmaglu- 
tination 
titer* 


Growth of 
epit helium ** 


Final 
pH 


Oxygen 
uptake*™* 


<i + 110 
85 + + 175 

10 94 

133 t 136 
t 167 


66 
150 160 
20 0 


ee 


175 205 


et weight per hour. 


wi 
t Inoculum of 9.1 ce of 10~¢ is between 10 and 100 ib: for tissue cultures. 


Buffered with 0.1% calcium carbonate 


results suggest that DNP becomes toxic 
for the tissue when the PH is permitted 
to drop below 7.0. This was confirmed 
by observations on explants from cul- 
tures maintained at various pH levels 
as described below. 

Effect of DNP on virus.—Allantoic 
fluid influenza virus 
diluted 1:10 and incubated for 16 hours 
at 37 C with 20 pe/cc of DNP. The 
hemagglutination — titer reduced 
from 200 100 and infectivity 
titer decreased by one log. Smaller de- 


containing was 


was 
to the 
creases in titer occurred in the controls 
without DNP. This rate of virus inacti- 
vation with DNP is believed to be too 
low to play a significant part in the ob- 
served effects of substance 
growth of virus in tissue cultures.* 

Relation of substrate in the virustatic 
and toxic effects of DNP.—Flask cul- 
tures in groups of three or four contain- 


this on 


ing glucose, pyruvate, or a combination 
of these were incubated in the shaking 
apparatus with DNP for a period of 4 to 
5 days. Measurement of hemagglutinin 


TABLE 2. 


titer in the tissue culture supernatants, 
oxygen consumption and explants of 
tissue were then done. The results of a 
representative experiment are presented 
in table 1. With 10 wg of DNP per cc 
maximum inhibition of virus with mini- 
mum toxicity was attained in a medium 
containing 0.02 % glucose and 0.1% 
pyruvate. In the cultures containing 
DNP the rate of oxygen consumption 
had declined after 5 days to about 70 % 
of that of the controls. In preparations 
containing only pyruvate the inhibition 
of virus by DNP was less than with the 
combination of substrates. In those 
with glucose and calcium carbonate 
there was some drop in pH and the tis- 
sue with IDNP was found to be dead 
after 5 days. 

It should be emphasized that inhibi- 
tion of virus growth in tissue cultures by 
DNP without significant toxic effects 
seems to occur only under special condi- 
tions. In the earlier studies many experi- 
ments were done in flask cultures which 
were not shaken but were incubated 


Effect of pH and concentration of DNP on hemagglutination titer and 


survival of tissue in Maitland tissue cultures. 


Glucose 0.1%* +DNP, we /cc: 


pH range 
5 0 


2 256 (E) 
s 128 (E) 
4 t 16 (F) 
0 0 (o) 


256 (E) 
256 (E) 
128 (E) 
128 (E) 


Pyruvate 0.1% +DNP, 
weg /ce: 


20 0 5 0 


64 (E) 
64 (F) 


No substrate +DNP, 
we CC: 


128 (E) s 
256 (E) 4 
20 (+) 200 (E) 2 
0 (0) 128 (E) 0 


(E) a2 (@) 
F) 64 CE) 
+) 128 1%) 
0) 32 (F 


( 
( 
( 


Numbers in table represent maximum hemagglutination titers obtained after 3 to 4 Pew incubation at 36 C. Letters in 
parentheses represent response of explanted tissue: E, epithelial growth, F, growth of fibroblasts without epithelium. 
t+, migratory round cells, 0, no growth or migration. Virus inoculum, 0.1 cc of 1074. 

* In the experiments with glucose small amounts of bicarbonate were added daily to maintain the pH at the desired level. 
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Reversibility of the DNP effect in tissue cultures. Virus inoculum, 0.1 ce of 10™¢, Medium, 


4 cc balanced salt solution containing 0.02% glucose and 0.1% pyruvate, with 0.1 cc choriollantoic tis- 
sue, DNP, 10 wg/cc. In each of the experiments there were two groups of cultures with DNP and one 
group without DNP. In one of the groups with DNP the fluids were che »ged to a medium without 
DNP. Solid lines represent an experiment in which virus was added at zero hours and the fluids 
changed at 2 days. Broken lines show the results of a second experiment in which fluids were changed 


at 1 day and the virus added at this time. 


under ordinary conditions. In these ex- 
periments concentrations of 
DNP at different pH levels were tried, 
but more than fourfold inhibition of 
virus growth without damage to the 
epithelium was seldom attained. A sum- 
mary of these experiments is presented 
in table 2. At pH levels above 7.8 DNP 
was nontoxic for a period of 4 to 5 days, 
as judged by the viability of explanted 
tissue fragments, except at concentra- 
tions of 50 ug/ce. 


various 


In the most alkaline 


medium more inhibition of virus was 
in cultures with 


without substrate than in 


obtained pyruvate or 
those with 
glucose. At pH levels below 7.0 concen- 
trations of 5 ug /ce completely inhibited 
both epithelium and fibroblasts and no 
virus was detected by hemagglutination. 
At intermediate pH levels there was 


some selective inhibition of epithelial 
growth and in cultures without sub- 
strate rather definite inhibition of virus. 
In the cultures with pyruvate or glu- 
cose, reduction in the hemagglutination 
titer in the presence of DNP amounted 
to only four- or eightfold when the 
tissue retained the property of fibro- 
blastic proliferation without epithelial 
growth in explants. Comparison of 
these results with the data reported in 
table 1 suggests that use of a combina- 
tion of glucose and pyruvate as sub- 
strates and shaking the flask cultures 
may increase the inhibitory action of 
DNP against influenza virus and at the 
same time minimize damage to the 
tissue. 

Reversal of the DNP effect.--Flask 
cultures were set up with 0.02% glucose, 
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0.1% pyruvate and 10 ug/cc DNP, to- 
gether with controls, and placed in the 
rocking mechanism in the water bath. 
In one experiment virus was added at 
the start and at the end of 2 days the 
fluids were changed in one set of flasks 
to an identical medium without DNP. 
The results are shown in figure 2 (solid 
lines). It will be seen that virus growth 
was inhibited by DNP up to 2 days, at 
which time the controls had reached a 
titer of 125. Subsequently, growth of 
virus occurred both in the cultures in 
which the DNP had been removed, and 
in those in which it remained, but in the 
former cultures the titer reached a 
higher level than in the flasks still con- 
taining DNP. In a second experiment 
the fluids were changed after 1 day of 
incubation with DNP and the virus was 
added at this time instead of at the be- 
ginning of the experiment. The results 
are shown by the broken lines in figure 
2. In the group of cultures in which re- 
moval of DNP was done at 1 day the 
titer reached a level intermediate be- 
tween the controls and the groupin 
which DNP remained. It will be noted 
that when the virus was added at 24 
hours in this experiment growth of virus 
was not detectable by hemagglutina- 
tion, in contrast to the observed in- 
crease in titer when virus was added at 
zero hour under comparable conditions. 
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This increased inhibition by preincuba- 
tion of the tissue with DNP has been ob- 
served a number of times, but usually 
the difference is less striking than in 
these two experiments. 

Another series of experiments on re- 
versal of the DNP effect was carried 
out by explanting small samples of tis- 
sue from the flask cultures at daily in- 
tervals and measuring the hemagglu- 
tinin titers in the fluids of the resulting 
roller-tube cultures. Comparison was 
then made between the titer in the ex- 
plants and the titer of the original flask 
cultures with and without DNP. These 
results were correlated with the growth 
of tissue. In one set of experiments flask 
cultures were prepared with 5 yg/cc of 
DNP and no substrate, the pH being 
maintained between 7.0 and 7.4. The 
results presented in the top line of table 
3 show that growth of virus in the flask 
cultures was markedly inhibited over a 
period of 5 days. Explants on the 2nd 
day from cultures containing DNP 
showed a good growth of epithelium and 
the virus in these explants had reached 
a titer of 32 on the 5th day as compared 
with a titer of 2 in the original flasks and 
128 in the explants from the control 
cultures. In explants on the 3rd day 
there was little tissue proliferation from 
the cultures with DNP but some growth 
of virus, while in those explanted on the 


TABLE 3.—Reversibility of DNP effect by explanting the tissue at various times. 
y 7 


Day 
ex 
planted 


. Me- 
ang dium Epi- 
ve BSS thelial 
growth 2 3 


F* 5 


0 
0 
0 
5 G|| 
0 GI 
0 G| 
0 G 
0 G} 


Results, treated cultures 


Hemagglutination titer on day: Epi 


Results, control cultures 


Hemagglutination titer on day: 
thelial --— 
& growth 2 3 4 5 6 7 & 


24 SO 64 


* Line designated F represents result in original flask culture. 


t 0, no substrate, virus 10, pH range 7.4-7.0. 
i Glucose 0.1%, sodium bicarbonate, 0.035%. 
! 


Glucose in original flask cultures; virus 10-4, pH range 7.6-6.9 
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TABLE 4.—Dinitrophenol in de-embryonated eggs. 


Number Hemagglutination 

Time of titer 
tested experi- 
ments 


DNP 
ur /cc 


Ege [Dio (log)* 
DNP 


Oxygen consumptiont 


DNP Control Control DNP Control 


50 12 hours <10 <10 ‘ 3 120 170 
50 24 <10 400 { 70 206 
20 ‘ 5 180 $.$ K 196 160 
20 4 d 25 250 5. 182 158 
20 90 
10 25 
10 500 


4800 5. § 91 142 
400 . 228 206 
2500 . of 98 117 


Initial dilution of virus 10-4 to 10-8 in 10 cc balanced salt solution. 


* Titrated in allantoic sac of chick embryos; log 1Dso per 0.1 cc. 
t Oxygen consumption measured on minced samples of tissue removed at the time indicated in second column. 
t Where more than one experiment was done the results were averaged. 


5th day very little increase of virus was 
observed. 

A similar series was done with flasks 
cultures containing glucose and sodium 
bicarbonate. In these cultures the orig- 
inal pH was 7.6, but this had fallen by 
48 hours to a level between 6.9 and 7.2. 
The data in the lower half of table 3 
show that reversibility of the DNP in- 
hibition was readily demonstrable by 
explanting tissue at 1 and 2 days. In the 
explants made at 3 and 4 days, however, 
survival of the tissue was in doubt and 
no hemagglutinins were detected. It will 
be noted that the later explants made 
from the flask cultures without DNP 
showed less growth of virus than those 
made at 1 or 2 days. This suggests that 
growth of the virus in itself brings about 
an irreversible change in the tissue, as 
Weller and 


Enders.“ This same effect may be pres- 


previously noted = by 
ent in cultures partially inhibited with 
DNP, but it would be obscured by the 
secondary toxic action of the drug, as 
shown by the failure of epithelial 
growth. 

In the data just presented time is an 
essential factor in the reversibility of 
viral inhibition by DNP. The early 
phase is reversible but prolongation of 
the inhibitory effect is accompanied by 
damage to the host cell. 

DNP in de-embryonated eggs.—In 
addition to the results previously pub- 


14. Weller, T. H. and Enders, J. F. 1948, Proc. 
Soc. Exper. Biol. & Med. 69: 124-128. 


lished‘ further exploration of the effect 
of DNP concentration and time was 
done, using de-embryonated eggs pre- 
pared according to the 
Bernkopf.” In these preparations it 
appears that the calcium carbonate of 
the egg shell maintains the pH and 
lessens the toxicity of DNP in the same 
way as in tissue cultures containing 
glucose and added calcium carbonate 
(fig. 1). In addition, good aeration is 
obtained by rotating the preparations. 


method of 


Probably because of these factors the 
inhibition of virus by DNP was some- 
what more regular in de-embryonated 
eggs than in Maitland tissue cultures. 
The results of a number of experiments 
are summarized in table 4. In de-em- 
bryonated preparations receiving ap- 
proximately 100 1D 59 of virus, 50 ug/cc 
of DNP produced almost complete sup- 
pression of growth. It will be noted, 
that concentration of 
DNP reduced the oxygen consumption 
to 70% of the contro's after 12 hours 
incubation and to 30°, at the end of 24 
hours. At concentrations of 20 yg/ce, 
DNP_ produced inhibition of virus 
amounting to 10- to 50-fold, as meas- 
ured by hemagglutination, and slightly 
less than 10-fold on the average, as 
measured by infectivity. Some stimula- 
tion of oxygen uptake after 15 to 24 
hours incubation 


however, this 


was observed with 
DNP at the two lower concentrations. 


15. Bernkopf, H. 1949, Proc. Soc. Exper. Biol. & 
Med. 72: 680-682. 
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The effect of DNP on virus in the al- 
lantoic sac of intact chick embryos. 
When injected into the allantoic sac of 
li-day-old chick embryos DNP was 
found to be lethal in doses of 0.5 to 1.0 
mg per egg. A dose of 0.3 mg, which 
would give a concentration betw.2n 30 
and 60 wg/per cc in the 5 or 10 cc of 
allantoic fluid present in the sac, was 
chosen for these experiments. With a 
virus inoculum of 10 to 100 ID 5. (10-* 
to 10-7) no hemagglutinins were detect- 
able at 16 to 20 hours in the control eggs 
but there was a moderate rise in in- 
fectivity titer. As shown in table 5, 

TABLE 5.—Dinitrophenol in chick embryo 

allantois. 


Virus in 
oculation, 
0.1 cc 


Hemagglu 
tination 
DNP* 


Infec ( Log 
tivity titer) 
DNP* control 


Titer 
control 


Time 
tc sted 


10-7 20 hours <10 <10 1 3.5 
id 16 <10 <10 3 4.8 
10 <10 200 7 9.0 
10 3000 4000 

10% <10 100 7 7.5 


* DNP, 0.3 mg/egg 2 hours before virus 


DNP caused a reduction of infectivity 
titer of one or two logs during this early 
phase of virus growth. At 24 hours in 
embryos receiving a 10~* inoculum both 
hemagglutinin and infectivity titer in 
the treated eggs were below the controls, 
but by 48 hours the hemagglutinin titer 
was about equal in both groups. With a 
larger inoculum (10-°) the inhibitory 
effect of DN P at 20 hours was somewhat 
less definite. 


DISCUSSION 


The data presented here and in other 
publications? * “8 suggest that growth of 
influenza virus retarded by 
temporary interference with transfer of 


may be 


energy through high energy phosphate 
bonds within the host cell. With con- 
centrations of 2,4-dinitrophenol between 
5 and 20 wg per cc (10-*M or less) in 


16. Parodi, A. S, 1949, Arch. Biochem. 22: 324 
327. 
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tissue cultures the inhibition of virus is 
reversible within a period of about 48 
nours, and during this period the action 
of the drug: is not accompanied by 
marked decrease in respiration or loss of 
growth potential of the epithelium. 
Prolonged exposure to DNP probably 
causes repression of assimilatory func- 
tions of the host cell and leads to second- 
ary irreversible changes, inhibition of 
oxygen consumption, and loss of via- 
bility. In our hands incubation of tissue 
for 24 hours with concentrations of 
DNP at 2.710-*M (50 we /cc), as used 
by Ackermann,** was found to suppress 
respiration and produce an irreversible 
loss of growth potential of the epithe- 
lium. The use of nontoxic concentra- 
tions of DNP in tissue cultures or in the 
allantoic sac of chick embryos produced 
inhibition of the early phases of virus 
growth, but this was often followed by 
an increase in virus titer which reached 
the level of the control preparations. 
Only under specia! conditions in the 
shaken flask cultures with 0.02% glu- 
cos¢ and 0.1% pyruvate could the DNP 
inhibition of virus be prolonged for as 
much as 4 days without marked loss of 
the ability of the epithelium to pro- 
liferate in explants. 

Parodi® has reported that a strain of 
infiuenza A virus (not PRs) studied by 
him produced after allantoic inoculation 
a loss of phosphocreatine in the chick 
embryo. With the finding of Sacks and 
Sinex* that DNP caused complete hy- 
drolysis of phosphocreatine in isolated 
rat diaphragm tissue, even when there 
was no suppression of respiration, a 
clue to the mechanism of action of DNP 
on virus growth was suggested. Our at- 
tempts to reverse the DNP inhibition of 
virus growth by adding phosphocreatine 
to tissue cultures either before or at the 
same time as the DNP and virus have 


* See figure 1 in the article cited. 
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so far been unsuccessful. Possibly lack 
of cellular permeability or the action of 
these 


phosphatases may account for 


negative results with phosphocreatine. 


SUMMARY 


Dinitrophenol at concentrations of 5 
to 30 ug per ce (2.7K 10° M to 1.6K10™ 
M) retards the growth of influenza 
virus in chorioallantoic tissue cultures 
the 
allantoic sac of intact chick embryos. 
the 
medium, the degree of aeration, and the 
affect the relative 
toxicity and virus inhibitory action of 
DNP. In flask cultures agitated in a 
shaker 


in de-embryonated eggs and in 


In tissue cultures the pH of 


substrate seem to 


and containing as substrates 


0.02% glucose and 0.1% pyruvate, in- 


° 
hibition of virus could be prolonged for 
4 to 5 days without marked loss of 
growth potential of the epithelium in 
explants or inhibition of oxygen con- 
sumption. 

Under other conditions inhibition of 
virus betore the toxic effects of DNP 
became evident could be demonstrated, 
but incubation for more than 48 hours 
led to deleterious action on the tissue. 
With lower nontoxic concentrations of 
DNP virus growth was delayed but 
eventually approached the titer of the 
controls. 

Reversibility of the DNP inhibition 
of virus growth could be demonstrated 
within the first 48 hours, but after this 
period the inhibition became irrever- 
sible. 
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ACTION OF AN ENEDIOL (REDUCTONE) 
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Although the chemical properties of 
reductone have been extensively studied 
by von Euler and coworkers,'? the bi- 
ological properties of this enediol have 
been the subject of only a fe brief 
reports.*° Since tae substance is readily 
prepared by heating glucose under alka- 
line conditions, reductone may well be 
produced in sugar-containing growth 
mediums that have been sterilized by 
heating. We have observed that tryp- 
tone broth (Difco) gives a strongly posi- 
tive test® after 
autoclaving, whereas this test for ene- 


orthe-dinitrobenzene 


diols is negative if the medium is steri- 
lized by filtration. 

The sodium salt of reductone has been 
prepared by the method of von Euler 
and Mariius! and its effec: of growth 
of microorganisms in broth ind in sya- 
thetic meciums has been studied. We 
have found that low concentrations of 
reductone greatly increase the antibac- 
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terial action of penicillin, and this effect 
is enhanced by the 
amounts of cobalt. 


presence of trace 


RESULTS 


reductone on the 
Micrococcus pyogenes var. 
aureus and of Escherichia coli, strain 
B, is shown in tables 1 and 2. Low con- 
centrations of reductone (2X10 to 
210-*M) stimulate the growth of M. 
pyogenes, but have little or no stimula- 
tory effect on the growth response of 
Esch. coli. Reductone concentrations 
between 9X10™ and 3X10-*M are in- 
hibitory to Esch. coli, and a concentra- 
tion of 3.510°-*. completely prevents 
growth. 


effect of 
growth of 


The 


In the presence of increasing concen- 
trations of cobalt, there is a striking 
difference between the efiect of reduc- 
tone on the Gram-positive and on the 
Gram-negative organism. Whereas re- 
ductone reverses the growth inhibitory 
action of cobalt against M. pyogenes, it 
greatly enhances the toxicity of cobalt 
for Esch. coli. Growth of M. pyogenes 
in the presence of cobalt shows a pat- 
tern similar to that obtained with yeasts 
in the presence of cobalt.’ From the 
lowest concentration of cobalt up to 
104M there is a gradual decline in crop 
density; between 10-*M and 5X10*M 
there is a very sharp cut-off in the dose- 
response curve. The growth of Esch. coli 
reaches the control value in concentra- 
tions of cobalt through 10-°; increas- 
ing concentrations cause only a gradual 
decline in the dose-response curve. 

Cobalt has been shown by Pratt and 


7. Nickerson, W. J. and Zerahn, K. 1949, Bio- 
chim. Biophys. Acta 3: 476-483. 
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ABLE 1. 


Growth of M. pyogenes in 1% peptone containing various amounts of 


cobaltous nitrate and sodium reductone. 


Concentration 
of Co(NQOs): 2x10 
Molarity 
0 


io-* 


Molar concentration of sodium reductone 


4.5x10"% 


9x10" 2xK10°% 


37 44 
42 i 
42 37 
38 26 
37 6 
38 13 
& 0 ) 


Growth is recorded after 24 hours incubction at 37 C as iurbidiiy readings taken on a Kiett-Summerson photoelectr 


celorimetei, #66 fil:er. 


Each tube contaii:s a total volume of 5 ml of 1% Bacto peptone (Difco), the specified amounts of cobaltous n 
sodium reductone, and 0.1 ml of a 27-hour culture of M. pyogenes var. aureus diluted to a turbidity of 20 with 


Dufrenoy*® to augment the antibacterial 
action of penicillin against bot’: Gram- 
positive and Gram-negative forms. It 


was then of interest to 


see whether 
reductone would still reverse the tnhib- 
itory effect of cobalt (as in table 1) 
when penicillin was added to M. pyo- 
genes, and whether it would increase 


ABLE 2. 


ate and /or 
. % peptone 
reductone and cobalt, alone or in combi- 
nation, on the antimicrobial action of 
penicillin. Tubes containing increasing 
amounts of penicillin and constanc a- 
mounts of sodium reductone and/or 
5X10-°M cobaltous nitrate were inocu- 
lated with standard suspensions of Esch. 


coli or M. pyogenes and incubated at 


Growth of Esch. coli in 1% peptone containing various amounts of 
J g 


cobaltous nitrate and sodium reductone. 


Molar 


Concentration of 
Co(NO; 


2xK1i0% 45xXi0™ 
Molarity 
23 
35 
107 27 24 
36 
5x10 20 
36 
107% 2 20 
1 30 
5 xK10°% 11 
13 
10+ 8 
9 


5x10°¢ 0 0 
0 0 


10-3 0 0 
0 0 


9x10" 


concentrations of sodium reductone 


incubation 


210-3 3x10% 4108 period 


Hours 
17 0 
28 0 


0 
0 


4 0 
il 0 
j 0 
16 0 
0 0 
0 0 


0 0 0 
0 0 0 


0 0 0 
0 0 0 


0 0 0 
0 0 0 0 


Turbidity readings after 24 and 42 hours incubation at 37 C obtained as described in table 1. 


Each tube contained a total volume of 5 ml of 1% Bacto peptone (Difco), the specified amounts of cobaltous nitrate 
and /or sodium reductone, and 0.1 ml of a 27-hour culture of Esch. coli, strain B, diluted to a turbidity of 20. 


still further the inhibitory effect of cobalt 
(as in table 2) on a Gram-negative form. 

Extensive experiments were _ per- 
formed with M. pyogenes, Esch. coli, and 
Salmonella typhi to show the effects of 


8. Pratt, R. and Dufrenoy, J. 
719-730. 


1947, J. Bact. 54: 


37 C for 24 and 42 hours. At the end of 
these periods crop densities were meas- 
ured turbidimetrically. Several of the 
experiments with Esch. coli and M. 
pyogenes are shown in table 3 (the re- 
sults obtained with S. typhi were found 
to be almost identical with those ob- 
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TABLE 3. 


Synergistic effects of reductone and penicillin on the inhibition 


of growth of Esch. coli and M. pyogenes. 


Concentra 
tion of 
reductone 


20 

9 

M: 19 

9xX:0%M 0 
18 

17 


1.5 X10-9M } 0 


3x10 'M 


0 0.007 ©0013 0.025 0.049 0.098 


Penicillin concentration, U/ml 


Code 


0 
0 
0 
0 


0 
0 
0 
0 


Sms 
Sane 


0 
0 
0 
0 


Bune 


9 0 
0 0 
0 0 
0 0 


SASS Sn 


a ee 


M1-——Penicillin medium only (5 mi total volume) inoculated with 0.1 of a 24-hour culture of a M. pyogenes var. aureus 


diluted to a turbidity of 20 with 1% peptone. 


M2—Penicillin medium +5 X10~* M cobaltous nitrate, same inoculum as M1. 

M3— Penicillin medium +sodium reductone, same inoculum as M1. 

M4— Penicillin medium +5 X10~* M cobaltous nitrate +sodium reductone, same inoculum as M1. 

E1, E2, E3, E4 correspond to the above mediums but inoculated with 0.1 ml of a 24-hour culture of Esch. coli, strain B, 


diluted to a turbidity of 20 with 1% peptone. 


707 


Sodium reductone of approximately 97% purity as determined by iodine titration. 


tained with Esch. coli). With both or- 
ganisms it is clear that cobalt does in- 
crease the inhibitory action of penicillin 
to some extent. The lowest concentra- 
tion of reductone (9X10-*M) slightly 
augments the inhibitory action of peni- 
cillin on M. pyogenes and Esch. coli. The 
addition of both reductone and cobalt 
to the penicillin-peptone medium re- 
sulted in a pronounced increase in anti- 
bacterial action against the two organ- 
isms. Thus, the combination of reduc- 
tone and cobalt in cultures of Esch. coli 
treated with penicillin leads to the 
result anticipated above. But, far from 
neutralizing the enhancing effect of co- 
balt on the antibacterial action of peni- 
cillin against M. pyogenes, the combina- 
tion of reductone and cobalt actually 
has a synergistic effect. 

In a very rich medium (Difco brain 
heart infusion broth) reductone and 
cobalt did not the effect of 
penicillin on cultures of M. pyogenes, 
but sharply enhanced the inhibitory 
effects of penicillin on Esch. coli. This 
could possibly have been the result of 
metal-reductone the 
brain heart infusion medium, as shown 


increase 


interactions in 


intables 1 and 2 for cobalt in 1% peptone. 


MECHANISM OF ACTION OF REDUCTONE 


Since it is commonly supposed that 
reducing substances shorten the lag 
phase of growth of bacteria, it was ex- 
pected that reductone would have a 
similar action. However, the reverse was 
actually found with sodium reductone. 
Increasing concentrations of sodium re- 
ductone substantially increase the lag 
phases of growth of both Esch. coli and 
M. pyogenes. Combination of 5X10-°M 
cobalt and 9X10-*M sodium reductone 
increased the lag phase of Esch. coli and 
M. pyogenes inoculated into 1% 
tone as much as 8 hours. 


pep- 


Two possible functions of reductone 
with 
negative results. Reductone apparently 


have already been investigated 


does not inhibit penicillinase action and 
reductone inhibition cannot be reversed 
by the addition of folic acid. The effect 
of folic acid on the antibacterial action 
of reductone was tested in view cf the 
folic 


acid involving the condensation of re- 
1 3,13 


proposed chemical synthesis of 


ductone with p-aminobenzoic acic 

The antibacterial activity of reduc- 
tone might be considered to be associ- 
ated with the a,f-unsaturated ketone 





\NTIBACTERIAL ACTION ON AN ENEDIOL 


structure which it possesses.’ In view 
of the growth stimulating action of 
reductone on AM. pyogenes, this, however, 
should be questioned until the nature of 
the antibacterial action of a,8-unsatu- 
rated ketones is more fully understood. 

Geiger?" and Rinderknecht and co- 
workers” have that 


shown enzymes 


with essential sulfhydryl! groups were 
inactivated by a,8-unsaturated ketones. 


Ht — cK 


ie. 
H~ \ { ~H 

Ian 
Fic. 1. 


The action of reductone may involve 
the “irreversible” attachment of this 
compound to some position of an en- 
zyme or enzymes (possibly sulfhydryl 
containing) mediated by the coordinat- 
ing metal ion. The metal may act as a 
bridge between the reductone and the 


9. Geiger, W. B. and Conn, J. E 
Chem. Soc. 67: 112-116. 

10. Rinderknecht, H., Ward, J. L., Bergel, F. and 
Morrison, A. L. 1947, Biochem. J. 41: 463 
409. 

. Geiger, W. B. 1948, Arch. Biochem. 16: 423 
435. 


1945, J. Am. 
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enzyme, or could, by virtue of its co- 
ordinating power, be activating the 
«,8-unsaturated carbons, making them 
more electrophilic (shown schematical- 
ly in fig. 1). This type of activation 
opens still another possibility 
ductone-metal ‘‘complex” 


the re- 
may exert its 
inhibitory action by accepting hydro- 
gens and electrons from a vital carrier 
system. 

Johansen and Nickerson™ have shown 
that cobalt interferes with the reaction 
of amino acids with reducing sugars 
(reductones?) at high temperatures. 
This interference was attributed to the 
metal binding properties of the amino 
acids. Preliminary polarographic — in- 
vestigations have given definite indica- 
tion of complex formation between re- 
ductone and cobalt. 

Experiments are continuing on the 
nature of the cobalt-reductone complex 
and on the nature of the growth inhibit- 
ing action of this complex, and this work 
will be presented in a subsequent publi- 
cation. 


12. Johansen, G. and Nickerson, W. J. 1949, Ab- 
stracts of Communications, Ist Internat. 
Cong. Biochem., Cambridge, pp. 223-224. 
. Angier, R. B. 1948, J. Am. Chem. Soc. 70: 
25-26. 





STUDIES IN OLD MICE TO TEST THE HYPOTHESES OF LOCAL AND 
GENERAL IMMUNITY TO TRICHINELLA SPIRALIS 


JOHN E. LARSH, JR. 


From the Department of Parasitology, School of Public Health, 
University of North Carolina, Chapel Hill, North Carolina 


Trichinella 
spiralis has been demonstrated experi- 
mentally by a significantly lower adult 
worm from immunized ani- 
mals than from nonimmunized controls 
given a similar test infection (McCoy, 
1931; Roth, 1939; Culbertson, 1942; 
and others). As a result of one or more 
infections, certain 


Acquired immunity to 


recovery 


have’ been 
shown to elaborate antibodies in quanti- 
ties sufficient to be detected in the 
circulating blood (Bachman, 1929; Cul- 
bertson and Kaplan, 1938; and others). 
While there is general agreement that 


hosts 


the mechanisms of acquired immunity 
to this parasite are operative in the in- 
testine, causing the expulsion of worms 
at reinfection, there are different views 
as to the nature of this immunity. Of 
these, the hypotheses of local immunity 
(Chandler, 1939a and b, 1948) 
general immunity (Taliaferro, 

have received greatest attention. 


and 


1940) 


The hypothesis of local immunity, 
as developed by Chandler, is founded on 
the principle that the defensive mecha- 
nisms directed against the worms in the 
intestine are stimulated locally, for the 
most part, and thus the circulating anti- 
bodies play a relatively unimportant 
role. In this sense, therefore, ‘‘the local 
functional immunity may be quite in- 
dependent of the general serological 
reaction.”’ On the other hand, the hy- 
pothesis of general immunity, as pre- 
sented by Taliaferro, does not limit 
the area in which stimulation of the 


Received for publication May 25, 1953. 

The writer acknowledges with sincere apprecia- 
tion the technical assistance of Miss Hazel Gil- 
christ, now Mrs. John McDowell. 


defensive mechanisms occurs, indicating 
that there may well be a relation be- 
tween the immunity demonstrated in 
the intestine and the titer of 
circulating antibodies. 


certain 


At the time the present study was 
being considered, as will be brought out 
below in the discussion, the available 
evidence gave stronger support to one of 
these hypotheses than to the other. 
However, it likely that the 
matter would remain open to question 


seemed 


until tests were made in the same ex- 
perimental host to compare the two 
hypotheses. This explains the need for, 
and the purpose of, the present study 
in mice. 


Experimental design 


Because of its importance in under- 
standing the results of the present study, 
it seems desirable to give in detail an 
explanation for the selection of the pres- 
ent experimental design. 

Following oral inoculation of T. 
spiralis larvae, it is agreed that the de- 
fensive mechanisms stimulated by the 
worms that develop and persist for a 
time in the intestine account for the im- 


munity to later infections given by the 
same route. For this reason, it did not 
seem possible to compare the effects of 


local and general immunity in the same 
animal. A means had to be devised so 
that the effects of the 
measured separately. According to 
Chandler’s hypothesis of local immu- 
nity the immunity an animal exhibits 
to reinfection is due, for the most 
part, to the action of defensive mech- 
anisms stimulated 


two could be 


previously in the 
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local intestinal tissue. Therefore, inocu- 
lation of larvae into another site so 
that the would not involve 
this particular region could not con- 
tribute much to this type of resist- 
ance. On the other hand, since the hy- 


worms 


pothesis of general immunity does not 
limit the defensive mechanisms to a 
given region of the body, the use of 
another site for the development of the 
larvae should not affect greatly the 
production of immunity. Thus, it was 
decided that a comparison of local and 
general immunity could be made by 
selecting a special site for the infecting 
larvae given in an attempt to produce 
immunity. It was necessary that a site 
be found in which the larvae would de- 
velop and persist in numbers comparable 
to those in mice inoculated orally with 
a similar dose of larvae. Otherwise, the 
degree of antigenic stimulation would 
differ, and quantitative comparisons 
would not be possible. 

The only reference found dealing with 
a site other than the intestine for the 
development of 7. spiralis larvae was 
that of McCoy (1936), in which the uteri 
of pregnant rats were used. Since only 
a small number of adults was recovered 
from a dose of 2000 larvae, this site 
could not be considered for the present 
design. At this point in the planning, one 
of our studies in mice was completed 
(Larsh et al, 1952), the results of which 
suggested that the cecum might be a 
desirable site for this purpose. It was 
shown in old mice that the anterior half 
of the small intestine, the area of great- 
est concentration of the worms after 
infection, was the only area from which 
worms at reinfection were eliminated in 
significantly greater numbers in im- 
mice than in nonimmunized 
controls. This indicated that, in mice of 
the age (5.4 to 6.1 months at 
necropsy), the mechanisms of acquired 
immunity involved in the elimination of 


munized 


used 
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worms are operative oniy in the anterior 
half of the small intestine (hereafter 
referred to as “‘the area of worm elimi- 
nation’). Thus, either the posterior 
half of the small intestine or the large 
intestine, not being involved in the 
elimination of the worms at reinfec- 
tion, could be considered as a possible 
area of stimulation. Because of its loca- 
tion in relation to the area of worm elim- 
ination, and ‘because personal experi- 
ence had indicated previously the feasi- 
bility of intracecal injections, it was 
decided to consider the cecum. In the 
event that age might be a factor, it 
was decided to use mice of about the 
same age as those in the study just 
mentioned. 

It was necessary that several prelimi- 
nary tests be conducted to determine 
whether or not the cecum would provide 
the conditions necessary to validate the 
experimental design under considera- 
tion. These tests, reported below, proved 
the suitability of the cecum for this 
purpose, since the number of adult 
worms recovered following intracecal 
inoculation of larvae was about the 
same as that from mice inoculated orally 
with the same number of larvae, and 


the worms persisted equally long in 


both of mice. Moreover, the 
worms which developed from larvae 
inoculated intracecally did not migrate 
into the anterior half of the small intes- 
tine. These results showed, therefore, 
that, following intracecal infection of old 
mice, there would be no opportunity 
for the development of local immunity 
in the anterior small intestine. However, 
general immunity would have about the 
same chance to develop as in mice 


groups 


infected orally, since the degree of anti- 
genic stimulation would be similar. 
Therefore, testing the immunity of the 
mice stimulated intracecally, by giving 
a challenging infection by mouth, would 
make it possible to determine whether 
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local or general immunity is responsible 
for the demonstrated immunity of old 
mice to reinfection with T. spiralis. 
It should be emphasized that the chal- 
lenging infection would have to be given 
orally, both to satisfy the conditions 
of this design and for the reason stated 


above that the defensive mechanisms 


are operative only in the anterior half 
of the small intestine in mice of this age. 


Since the validity of the experimental 
design was assured by the results of the 
preliminary tests mentioned above, this 
design was selected for use in two final 
experiments to test in old mice the hy- 
potheses of local and general immunity 
to T. spiralis. 


MATERIALS AND METHODS 


The mice of this study and the stock strain of 
Tl. spiralis were the same as those used in other 
work reported from this laboratory (Larsh and 
Kent, 1949; Larsh and Gilchrist, 1950; and 
others). The mice were 8 weeks old at the be- 
ginning of experiments, and the sexes were 
equally distributed in the various groups. The 
methods for isolating and administering the 
larvae in oral infections and for recovering and 
counting the adult worms from the intestine were 
the same as those described in a recent paper 
(Larsh et al, 1952). 

The infection of mice by the intracecal route 
was performed as follows. Depending on the size 
of the mouse, from 0.02 to 0.04 ml of Veterinary 
Nembutal (Abbott), diluted 1:1.5 with normal 
saline, was injected intraperitoneally. Ether was 
administerec to finish and maintain the anes- 
thesia. After surgical preparation and using asep- 
tic precautions, a midventral incision was made, 
exposing the abdominal viscera, and, by means of 
forceps, the cecum was pulled through the open- 
ing. The dose of 300 larvae to be injected was 
drawn into a 1 ml tuberculin syringe through 
an 18-gauge, blunted needle as for oral inocula- 
tions (Larsh and Kent, 1949), after which the 
needle was exchanged for a 27-gauge hypo- 
dermic needle. The larvae were injected into the 
cecum just posterior to the ileocecal valve. Cot- 
ton saturated with 70% alcohol was wrapped 
around the needle at its contact with the cecum, 
then the needle was withdrawn and the area 
swabbed. The cecum was replaced in the ab- 
dominal cavity and the incision closed with silk 
thread. In one experiment, as a control on the 
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effect of the operation per se on immunity, some 
mice were operated on as described but the dose 
of larvae was given.by mouth. Hereafter, these 
will be referred to as “shams"’. All mice operated 
on were kept warm and free from drafts until 
fully recovered from the anesthetics. The survival 
rate of the operated mice was very high; the few 
deaths encountered resulted presumably from 
overdoses of nembutal. 

In the final experiments, in which certain of the 
mice were given one or two stimulating (immu- 
nizing) infections in an attempt to produce immu- 
nity, and in which a test for the presence of such 
immunity was made later by giving a challeng- 
ing (test) infection, two groups of special controls 
were employed. The first, “‘viability controls’, 
was included at each stimulating infection and 
the number of adult worms in the intestine was 
determined one week later. In all cases, the num- 
ber recovered was within the usual range for the 
dose used, proving the viability of the larvae 
used for these infections. ‘‘Peristency controls” 
were also included at each stimulating infection. 
They received the same stimulating infections as 
other groups being immunized but did not re- 
ceive the challenging infection. None of the 
persistency controls showed worms at necropsy 
performed after a minimum period of 7 weeks 
following the last stimulating infection. It can 
be assumed from this that the number of adults 
recovered from the other groups given stimulat- 
ing infections represented only those developing 
from the challenging infection given 7 days prior 
to necropsy. With this explanation, it will not be 
necessary to include in the results below the 
findings for the various groups of viabi'ity and 
persistency controls. 

It was decided that it might be of interest to 
know the approximate number of larvae in the 
musculature of the mice resulting from the 
stimulating infections. These numbers were 
estimated by the di!t:cion method used previously 
(Larsh and Kent, 1949). 

Student's ¢ test was employed to determine the 
statistical significance of the observed differences 
in numbers of parasites recovered from the ex- 
perimental and control groups. A_ probability 
greater than 0.05 was not considered significant. 
(All data are on file, Department of Parasitology, 
University of North Carolina.) 


EXPERIMENTAL RESULTS 


Preliminary tests 


Experiment 1.—The number and loca- 
tion of adult T. spiralis recovered from a 
single infection of 300 larvae in mice inocu- 
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TABLE 1.—The average number of adult T. spiralis 


recovered from mice 7 days after a single infection 
with 300 larvae. 


Average number adult worms recovered from 
Nuss the intestinal tract 
ber of 
mice 


Total 
(percent of 
dosage) 


Small intestine Large intestine 
(percent of (percent of 
dosage) dosage) 

A. Experimentals infected intracecally 
41.0 (13.7) 133.7 (44.5) 174.7 (58.2) 
B. Sham controls infected orally 
196.4 (65.4) 2.6 (0.9) 199.0 (66.3) 


C. Regular controls infected orally 
141.0 (47.0) 3.2 (1.1) 144.2 (48.1) 


lated intracecally, and in shams and regu- 
lar controls inoculated orally.—This ex- 
periment was performed to test whether 
or not larvae inoculated intracecally 
develop and the adults persist in usual 
numbers, and whether or not the worms 
migrate into the anterior half of the 
small intestine. 

The average number of worms re- 
covered from some of the mice of each 
group necropsied 7 days after infection 
is listed in table 1. The average numbers 
of worms recovered from the small 
intestine, the large intestine, and the 
entire intestine are listed separately. 


Percentages, in parentheses, are given 
in terms of the ratio of adult worms re- 
covered to the number of larvae (300) 
given in the infection. 


The average number of 


covered fron 


worms re- 
the experimentals inocu- 
lated intracecally (174.7) is not signifi- 
cantly different from that for the shams 
(199.0) or regular controls (144.2). How- 
ever, the number from the shams (199.0) 
is significantly greater than that from 
the regular controls (144.2). There is 
no explanation for the latter observa- 
tion, which indicates that the immunity 
of the shams had been lowered by the 
operation. The same effect would be 
expected in the mice infected intra- 
cecally, since they underwent the same 
operation. There is a possibility, how- 
ever, that the number of 
worms in the shams was not due to an 


increased 
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alteration of natural immunity, but to 
a physiologic effect(s) of the anesthetics 
making conditions more favorable for 
the establishment of the worms in the 
small intestine. If so, the results for the 
experimentals indicate that a compa- 
rable effect(s) was not produced in the 
large intestine. 

It should be noted that 41 worms 
(13.7% of the infecting dose) in the ex- 
perimentals were recovered from the 
small intestine, undoubtedly having mi- 
grated there from the. cecum during 
anesthesia. 10 addi- 
tional mice of this age, infected similar- 
ly, revealed that 4 cm anterior to the 
ileocecal valve was the limit of this 
migration within 7 days after infection. 


Observations on 


It is also important to point out that 
the longevity of the worms following 
intracecal and oral infection was about 
the same in 9 additional mice of both 
groups killed at intervals after infection 
until all were negative for worms (4 to 6 
weeks). In the case of those infecved 
intracecally, no worms were found in 
the small intestine at a distance greater 
than 4.5 cm anterior to the ileocecal 
valve. It should be mentioned that in 
this latter test larvae were observed in 
the musculature of the mice infected 
intracecally, but counts were not made. 

Having shown above that 7. spiralis 
adults developed and persisted in about 
the same numbers following an oral or 
intracecal inoculation, and that the 
larvae inoculated intracecally: did not 
enter the anterior half of the small 
intestine, the experimental design for 
the final experiments was considered 
valid. 


Final tests 


In the final tests, five groups of mice 
were used. Two special control groups, 
viability and persistency controls, were 
included above). 


(see The remaining 


three groups of mice were handled as 
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follows. The experimentals were stimu- 
lated intracecally, as above, so that the 
immunity developed, if any, could be 
compared with that developed in the 
usual way. A second group of mice, 
“infected controls’’, was given this stim- 
ulation by administering the same num- 
ber of larvae by mouth. The third group 
not 
stimulated, and thus served to show the 
degree of natural immunity of mice of 
this age. Later, all of the mice of these 
three groups were given a challenging 
infection by mouth. The criterion of 
immunity was the number of adult 
worms recovered from the entire intesti- 


of mice, “regular controls,” was 


nal tract 7 days after the challenging 
infection. As a matter of interest, counts 
were also made of the number of larvae 
in the musculature of the mice given a 
stimulating infection(s). 

Experiment 1.—The number of T. 
spiralis adults and larvae recovered from 
mice given one stimulating infection prior 
to a challenging infection.—The number 
of animals involved made it wecessary 
to divide the experiment into three sepa- 
rate tests. The experimentals were given 
the stirnulating dose of 300 larvae intra- 
cecally' as described above, while the 
infected controls were given this dose 


TABLE 2. 
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by mouth. The regular controls did not 
receive the stimulating dose of larvae. 
Many weeks after the stimulating infec- 
tion (6, 12 and 14 weeks, respectively, 
in tests 1 to 3), all of the mice of the 
three groups were inoculated orally with 
the challenging dose of 300 larvae. The 
animals were necropsied 7 days later 
and counts were made of the adults re- 
covered from the intestinal tract of all 
of the mice, and of the larvae recovered 
from the musculature of the experimen- 
tals and infected controls (table 2). The 
average 
from the small intestine, the large in- 
testine, and the entire intestine are 
listed separately for the mice of the three 
groups. Percentages, in parentheses, 
are given in terms of the ratio of adult 
worms recovered to the number of 
larvae (300) given in the challenging 
dose, since, as explained above, special 
controls showed that no worms per- 
sisted from the stimulating infection. 
On the other hand, the larvae recovered 


numbers of adults recovered 


were those resulting on!y from the svim- 
ulating infection given from 7 to 15 
weeks before necropsy (tests 1 to 3) 
thus the regular controls were not in- 
volved. For the number of 


larvae recovered, the ratio to the num- 


average 


The average number of T. spiralis recovered from mice 7 days ayter a challenging injection 


of 300 larvae given orally. Mice of groups A and B given one prior stimulating 
infection of 300 larvae. 


Average number of adults recovered from intestine 


Number of = 


me ~ ‘ 
— Small intestine 


(percent of dosage) 


Large intestine 
(percent of dosage) 


Average number of 
larvae recovered from 
musculature (ratio to 

number of larvae in 
the stimulating infec 

tion, 300) 


Total 
(percent of dosage) 


A. Experimentals stimulated intracecally 


1 
2 7 240.0 (80.0) 
3 9 105 .6 (35.2) 
Total average 196.1 (65.4) 


B. Infected controls stimulated oraily 
1 8 219.9 (73.: 9.4 (3.1) 
2 6 263.7 (87.9) 
3 9 173.3 (57.8) 
Total average 219.0 (73.0) 


x 

10 267 .2 (89.1) 
3 14 213.9 (71.3) 
Total average 248 .8 (82.9) 


9 242.8 (80.9) 12.2 (4.1) 
14.6 (4.9) 
52.0 (17.3) 


26.3 (8.8) 


§.2 (1.7) 
14.1 (4.7) 
9.6 (3.2) 

C. Regular controls not stimulated 
265 .3 (88.4) 11.0 (3.7) 
1.9 (0.6) 
8.2 (2.7) 
7.0 (2.3) 


255.0 (85.0) 
254.6 (84.9) 
157.6 (52.5) 
222.4 (74.2) 


19,589 (65.3) 
16,470 (54.9) 
19.650 (65.5) 
18,570 (61.9) 


229.3 (76. 
268 .9 (89. 
187.4 (62.5 
228.5 (76. 


38 ,375 (127.9) 

48 , 330 (161.1) 

68 ,800 (229.3) 
51 ,835( 172.8) 

276.3 (92. 

269.1 (89. 

222.1 (74. 

255.8 (85 
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ber of larvae in the stimulating infection 
(300) is also given. 

In test 1, the average number of adult 
worms harbored by the experimentals 
(255.0) is not significantly different from 
that for the infected controls (229.3), 
and both groups had somewhat smaller 
numbers of worms than the regular 
controls (276.3). The experimentals har- 
bored significantly fewer larvae (19,589) 
than the infected controls (38,375). 

In test 2, the average number of 
adults recovered from the experimentals 
(254.6), infected controls (268.9), and 
regular controls (269.1) is quite similar, 
but, as in test 1, the experimentals had 
significantly fewer larvae (16,470) than 
the infected controls (48,330). 

In test 3, the average number of adult 
worms harbored by the experimentals 
(157.6) does not differ significantly from 
that harbored by the infected controls 
(187.4), and both groups had much 
smaller numbers than the 
regular controls (222:1). As in tests 1 
and 2, the experimentals showed signi- 
ficantly fewer larvae (19,650) than the 
infected controls (68,800). 

These three tests were part of the 
same experiment, the only difference 
being the time from the stimulating to 
the challenging infection (6, 12, and 14 
weeks, respectively, for tests 1 to 3). 
There is no evidence that this time dif- 
ference would influence the immunity 


of worms 


of the mice. Also, the same general 
trend in adult counts was noted for the 
regular -ontrols as for the experimentals 
and infected controls. That is, the num- 
her of worms recovered in test 3 was 
much smaller than those in tests 1 and 
2. Therefore, it seemed desirable to 
analyze the results of the combined 
tests. Only in this way can the differ- 
ences noted between the three tests be 
evaluated in terms of the entire experi- 
ment. Analysis showed that the total 
average number of worms recovered 
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from the experimentals (222.4) is not 
significantly different from 
covered the infected controls 
(228.5). However, in both of these 
cases, the averages are significantly 
lower than that for the regular controls 
(255.8). The probability for these latter 
differences is 0.04, which indicates that 
the two groups of mice given a stimulat- 
ing infection were equally capable of 
developing acquired immunity as meas- 
ured in this way. 

Experiment 2.—The number of T. 
spiralis adults and larvae recovered from 
mice given two stimulating infections prior 
to a challenging infection.—In order to 
check the results under more 
favorable conditions for the production 
of immunity, it was decided to increase 


that re- 
from 


above 


the number of stimulating infections 
to two before testing the immunity. 
This experiment was divided into three 
tests for the reason given above. At 
3-week intervals, the experimentals 
were given the two stimulating doses of 
300 larvae each intracecally as described 
above, whereas the infected controls 
were given similar doses orally. The 
regular controls were not given the 
stimulating larvae. Many 
weeks after the last stimulating dose 
of larvae (9, 11, and 12 weeks, respec- 
tively, in tests 1 to 3), all of the mice of 
the three groups were inoculated orally 
with the challenging dose of 300 larvae. 
The animals were necropsied 7 days 


doses. of 


later, at which time counts were made 
of the adults recovered from the intesti- 
nal tract of all of the mice, and of the 
larvae recovered from the musculature 


of those of the two groups given the 


stimulating infections. In this case, 
for the average number of larvae re- 
covered the ratio is given to the number 
of larvae in the two stimulating infec- 
tions (600). These 
in table 3. 


In test 1, the average numbers of 


results are listed 
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TABLE 3. 


Average number of adults recovered from intestine 


Number of 


mice 
: Small intestine 


(percent of dosage 


Large intestine 
(percent of dosage) 


Joun E. Larsi, JR. 


The average number of \. spiralis recovered from mice 7 days after a challenging infection 
of 300 larvae given orally. Mice of groups A and B given two prior stimulating 
infections of 300 larvae each. 


Average number of 
larvae recovered from 
musculature (ratio to 

number of larvae in 
the stimulating infec- 
tions, 600) 


Total 
(percent of dosage) 


A. Experimentals stimulated intracecally 


12 166.4 (55.4) 26 


10 181.0 (60.3) 
Total average 184.1 (61.3) 


B. Infected controls stimulated orally 
1 10 159.3 (53.1) 38.0 (12.7 7 
26.3 (8.8) 
20.0 (6.7) 
28.1(9.3) 


2 9 202 .7 (67.5) 
; 10 185.0 (61.6) 
Total average 182.3(60.8 


C. Regular controls not stir 
7.7 (2.6) 

1.90 
2.30 
3.91 


1 10 218.8(71.9) 
2 10 267 .2 (89.1) 
5 10 250.5 (83.5) 
Total average 244.5 (81.5 


adults harbored by the experimentals 
(193.0), infected controls (197.3), and 
the regular controls (223.5) are some- 
what similar, but, as in the previous 
experiment, the experimentals harbored 
significantly fewer larvae (27,982) than 
the infected controls (83,040). 

In tests 2 and 3, respectively, the 
adults recovered 
from the experimentals (219.9, 199.0) 
and infected controls (229.0, 205.0) do 
not differ significantly, but both groups 


average numbers of 


in both experiments harbored consider- 
ably fewer adults than the regular con- 
trols (269.1, 252.8). In both experiments, 
the numbers of larvae recovered from 
the experimentals (27,720, and 29,140, 
respectively) were significantly less than 
those from the infected controls (60,140, 
and 78,550, respectively). 

As for experiment 1, it seemed desir- 
able to analyze the results of the com- 
bined tests for the present experiment. 
The total adult 
worms recovered from the experimentals 
(203.9) and that recovered from the 
infected controls (210.4) do not differ 
significantly. In both 
these averages are significantly lower 
than that for the regular controls 
(248.4). The probability for these latter 


average number of 


cases, however, 


! 6 (8.9) 
2 15 205 .0 (68.3) 14.9 (5.0) 
3 18.0 (6.0) 
‘ 19.8 (6.6) 


193.0 (64.: 
219.9 (73... 
199.0 (66.. 
203 .9 (67 


27 ,982 (46.6) 
27,720 (46.2) 
29,140 (48.6) 
28 ,280 (47.1) 


197.3 (65 
229.0 (76 
208 .9 (635. 
210.4 (70, 


83 ,040 (138.4) 
6€ 140 (100.2) 
78,550 (130.9) 
73,910 (123.2) 


ilated 

223.5 (74.5) 
6) 269 .1 (89.7) 
8) 252.8 (84.3) 
3 248 .4 (82.8) 


0.01, so that 
there would seem to be no doubt that 


differences is less than 
the two groups of mice given stimulating 
infections were equally capable of de- 
veloping acquired immunity as meas- 
ured by these tests. 

in the six tests of experiments 1 and 
2, the mice stimulated intracecally har- 
bored significantly fewer larvae in the 
musculature than the mice given the 
same number of larvae by mouth (tables 
2 and 3). This is interesting in that it 
was shown in the preliminary tests 
(table 1) that the adult worms estab- 
lished in similar numbers, and the 
longevity of the worms was similar in 
both groups. It appears, therefore, that 
the cecal area is less favorable for the 
development and/or release of larvae, 
or that it presents an abnormal migra- 
tory route for the larvae. 

DISCUSSION 

Since the present study was designed 
to test the hypotheses of local and gener- 
al immunity to 7. spiralis, it seems de- 
sirable to repeat the features ci each 
and to give the available evidence bear- 
ing on them at the time the present 
study was undertaken. 

The features of local immunity have 





IMMUNITY 
been presented in various papers by 
Chandler. In a review of the nature of 
immunity in various intestinal nematode 
infections (1939b), statement is 
made that there are two phases of im- 
munity, general and local. After explain- 
ing that general ‘‘parenteral’’ immunity 
is stimulated mainly by 


the 


metabolic 
products of growing and developing 
larvae during a period of parenteral 
migration or mucosal burrowing, the 
statement is made that local intestinal 
immunity is stimulated by metabolic 
products of adult reproducing worms. 
The role of local immunity in T. spiralis 
infections is brought ou: as follows: “in 
worms like Nippostrongylus, Strongy- 
loides, and Trichinella, which feed on 
intestinal mucosa as adults, the intesti- 
nal immunity plays a dominant and im- 
portant part in the functional immunity 
of the host, causing a powerful and 
rapidly-developing resistance to rein- 
fection, i °" Ie revicw 
(1939a), the same ideas are presented 
but differently. 
“In Trichinella infections there are also 


another 


expressed somewhat 
two phases of immunity, intestinal and 
parenteral. The phase de- 
velops first, is local, and confers a high 
degree of protection. The parenteral 
phase develops later, is general, is mani- 


intestinal 


fested by eosinophilia and precipitins, 


can be duplicated by vaccination, and 
has a relatively feeble protective action. 
The local functional immunity may be 
quite independent of the general serolog- 
ical reaction.” In an attempt to explain 
the difference between local immunity 
with reference particularly to that pro- 
duced by parasites in the lumen of the 
intestine, and general ‘‘parenteral’’ im- 
munity, Chandler (1948) expressed the 
opinion that the differences noted ap- 
pear to be largely if not entirely the 
result of differences in antigen distribu- 
tion and concentration. In the case of 
tissue-dissolving or blood-sucking para- 
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sites located in the lumen of the intes- 
tine, he stated, ‘‘the antigens, for the 
most part at least, appear to be taken 
up by local tissues before they can reach 
the general circulation, and stimulate 
a local reaction.’ Al- 
though specific mention is not made of 
T. spiralis at this point, it is clear from 
the above that this parasite would be 
included in the group called tissue-dis- 
solving parasites. Therefore, the hy- 
pothesis of local immunity, as described 
by Chandler in the above 


immunological 


papers, is 
based mainly on two premises: (1) that 
“local intestinal immunity is stimulated 
by metabolic products of adult repro- 
ducing worms,” and (2) that ‘‘the anti- 
gens, for the most part at least, appear 
to be taken up by local tissues before 
they can reach the general circulation, 
and stimulate a 
reaction”. 


local immunological 

The features of general immunity to 
T. spiralis and other parasitic worms, as 
presented by Taliaferro (1940), are fun- 
damentally identical with those of im- 
munity to other infectious and nonin- 
fectious antigenic agents; these include 
both humoral and cellular mechanisms. 
As stated by Taliaferro, ‘‘the evidence 
so far indicates that the mechanism of 
immunity rests immediately upon hu- 
moral factors with secondary cellular co- 
operation’”’. 

It is seen from the above that the 
main point of difference between local 
immunity, as explained by Chandler, 
and the concept of general immunity, as 
held by Taliaferro, lies in the distribu- 
tion of antigen. In the case of local im- 
munity, as quoted above, most of the 
antigens released by the adult worms 
are thought to be retained locally in the 
intestinal tissue. According to general 
immunity, the reverse would be true 
and most of the antigens would be ex- 
pected ultimately to reach the general 
circulation, There would appear to be 
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no disagreement that antigens, unless 
liberated directly into blood or lymph 
vessels, are released into local tissues. 
The question, however, is whether or 
not adult worm antigens and/or anti- 
adult antibodies, when their concentra- 
tion permits, later reach the general cir- 
culation in large amounts. Considering 
the location of the adult worms in the 
intestinal tissue of the host, where they 
may within a few hours after infection 
reach the muscularis and come in close 
contact with the circulatory system 
(Gursch, 1949), it would seem permissi- 
ble to think of such infections as being 
parenteral in a physiologic sense. In 
any event, in view of the evtensive dam- 
age they produce (Gursch, 1949), it 
would not seem likely that antigens 
liberated from worms in this location 
could be retained for long by the local 
tissues. In fact, there is ample evidence 
that such antigens reach the circulating 
blood soon after infection, and in con- 
siderable quantities. 

It has been rabbits that 
antigens reach the general circulation as 
early as 24 hours after infection (Bozice- 
vich and Detre, 1940). Taking into ac- 
count this brief period following infec- 
tion, there would appear to be no doubt 


shown in 


that such antigens were released by the 
developing adults. The work of Oliver- 
Gonzalez (1941) proved in rabbits that 
adult worm antigens give rise to a high 
titer of circulating antiadult antibodies. 
It was shown, in addition, that such 


antibodies offered partial protection to 
rats against the intestinal stage of in- 
fection (“‘passive transfer’). Antilarval 
antibodies occurring in the same serum 
offered little or no protection to rats 
(“lack of passive transfer’’), This is an 
important contribution to the subject, 
since it helps to explain many of the dis- 
crepancies reported concerning this im- 
munity. Failure of earlier workers to 
credit circulating antibodies with an 
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important role in the immunity prob- 
ably resulted from tests designed to 
measure the functional importance of 
antiadult antibodies in eliminating 
worms from the intestine and, at the 
same time, to measure antilarval anti- 
bodies in the circulating blood. Con- 
clusive proof that antigenic substances 
of the adults give rise to high concen- 
trations of serum antibodies in our mice 
was shown recently (Hendricks, 1952). 
Mice infected with irradiated larvae to 
prevent sexual maturity of the worms 
showed about the same precipitin titer 
as those infected with nonirradiated 
larvae. 

Thus, at the time the present study 
was being considered, there was greater 
support for general immunity than for 
local immunity to 7. spiralis. However, 
it was not possible to rule out local im- 
munity, since it could be due conceiv- 
ably to antigenic stimulation and re- 
tention of antibodies in the local tissues 
during the brief period before the anti- 
gens reach the general circulation, 
and/or to local effects independent of 
humoral factors. Therefore, the results 
of the present study were awaited before 
making a final decision as to the relative 
merits of the two hypotheses in explain- 
ing acquired immunity in our old mice. 

The results of the two final experi- 
ments (tables 2 and 3) make it clear that 
local immunity to T. spiralis, as de- 
scribed above, did not operate in the 
mice used in this study. In both experi- 
ments, the experimental mice, inocu- 
lated with larvae intracecally, were as 
capable as the infected controls, given 
the same number of larvae orally, to 
develop immunity against a later chal- 
lenging infection given orally. Under 
the conditions of the tests, the experi- 
mental mice would have had no chance 
to develop local immunity in the proxi- 
mal half of the small intestine, since it 
had been demonstrated in the prelimi- 
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nary tests that larvae inoculated into 
the cecum did not migrate into the an- 
terior half of the small intestine. Be- 
cause, in mice of thi- age, this is the only 
area in which the defensive mechanisms 
operate effectively to bring about expul- 
sion of worms at reinfection (Larsh et al, 
1952), the experimentals, in the pres- 
ence of local immunity, should have 
had little more immunity to the chal- 
lenging infection than the regular con- 
trols. Yet, their immunity was compar- 
able in degree to that of the infected 
controls, in which the area of worm 
elimination had been involved by the 
stimulating infection(s). These results, 
therefore, would seem to eliminate the 
possibility that local immunity operated 
in the experimental mice. 

On the hand, results 
demonstrate the role of general immu- 


other these 
nity, and suggest the action(s) of specific 
antibodies. The experimentals and in- 
fected controls received about the same 
number of larvae in the stimulating in- 
fection(s), and the same 
degree of antigenic stimulation would 
have been expected from the results of 
the preliminary tests. It was shown in 
the latter tests that, from a similar 


thus about 


dose of iarvae, about the same number 


of adult worms established and _per- 


sisted in both groups of mice. There- 
fore, according to the hypothesis of 
general immunity, the mice of both 
groups probably were able to develop 
about the titer of circulating 
antibodies. It is probable that, at rein- 
fection, such 


same 


diffuse into 
local areas of defense because of various 
changes in capillary permeability as- 
sociated with inflammation (Taliaferro, 
1940). 

According to the findings of Oliver- 
Gonzalez (1941), the immunity noted 
here was due probably to the action of 
antiadult antibodies. It would seem 
advisable, therefore, to relate certain 


antibodies 
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known facts about these antibodies to 
verify the possibility of their action in 
the present case. Oliver-Gonzalez found 
that ‘‘the antiadult type of antibody, 
as indicated by its in vitro effect on 
adults, the 15th day 
after infection, is moderately high be- 
tween 25 and 35 days after infection 
and then decreases to zero by the 50th 
day, it reappears around five days after 
superinfection and reaches its highest 
titer during 
tions,... 


appears about 


repeated —superinfec- 
.’ Therefore, in the present 
experiments, because of the long period 
between the last stimulating infection 
and the challenging infection (6 to 14 
weeks in experiment 1, and 9 to 12 weeks 
in experiment 2), the antiadult anti- 
body concentration in the circulating 
blood probably would have been below 
the level that could be detected by 
standard tests. This would not mean 
that the animals were devoid of anti- 
adult antibodies, but merely that the 
the circulating blood had 
reached a point below detection. This 
diminution of antibody titer in relation 


level in 


to time is a common observation, and is 
the rationale for administering periodic 
‘ooster doses of certain toxoids and vac- 
cines. Upon receiving the added stimulus 
of the challenging infection, according 
to the Oliver-Gonzalez, 
these mice probably would have shown 


findings of 


circulating antibodies around five days 
later. Since they were not necropsied 
until seven days postinfection, there 
would have been ample time for anti- 
adult antibodies to play a role in the 
elimination of worms from the intestine. 
Thus, the present findings do not in any 
way rule out the possible role of circulat- 
ing antiadult antibodies in the acquired 
immunity demonstrated in the two final 
experiments. 

As mentioned above, prior to the 
present study there was in our mice a 
suggestion for the operation of general 





292 


immunity to 7. spiralis (Hendricks, 
1950 and 1952). An association of re- 
duced worm burden following reinfec- 


tion and an increased precipitin titer 


related to the number of stimulating 
infections had been demonstrated. In a 
study completed recently it was shown 
that the transfer of antiserum from tri- 
chinella-immune mice conferred passive 
immunity to nonimmune recipients 
(Hendricks, 1953). This demonstration, 
confirming the findings of Culbert- 
son and Kaplan (1938) following the 
transfer of from rabbits to 
mice, emphasizes the role of a humoral 
factor(s) in 


antiserum 


this immunity. Limiting 
consideration to the mouse host, there 
would now appear to be ample evidence 
to justify the conclusion that general 
immunity is operative, and, in old mice 
at least, local immunity is not in- 
volved. 

In a study just completed, it was 
demonsirated that within 24 hours after 
reinfection there was a greatly increased 
cellular response in the anterior half of 
the small intestine of old immunized 
mice, compared with that in nonim- 
munized controls (Larsh and Race, in 
The difference noted between 
mice of the two groups was chiefly one 
of time and severity. The peak of the 
inflammatory response was at 4 days 
in the immunized mice and at 10 to 12 
days in the controls. In both cases, the 
peak of the cellular reactions occurred 
shortly before a sudden loss of worms 
was noted from the same atea of the 
intestine of comparable groups of mice 
(Larsh et al, 1952). These observations, 
coupled with the above data, strongly 
suggest that in our old mice the mecha- 
nism of acquired immunity to T. spiralis 
depends on the primary action(s) of 
specific antibodies with secondary cellu- 


press). 


lar cooperation, as suggested by Talia- 
ferro and Sarles (1939) to explain the 
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acquired immunity of rats to Nippo- 
strongylus muris. 


SUMMARY 


The experimental mice were given 
intracecally one or two doses of Trichi- 
nella spiralis larvae, while the infected 
controls received similar stimulating 
doses orally. To test the immunity, both 
groups, and controls not infected pre- 
viously, were given a challenging dose 
of larvae by mouth. The number of 
adult worms recovered seven days later 
was used as the criterion of immunity. 
Statistical analysis showed that the 
two groups of mice given the stimulating 
infection(s) were equally capable of de- 
veloping acquired immunity. 

According to the conditions of the 
experimental design, these results ex- 
clude the operation of local immunity 
and demonstrate the role of general im- 
munity to 7. spiralis in old mice. Evi- 
dence is presented in the discussion to 
support the suggestion that, in this host, 
the immunity is due to the primary 
action(s) of antibodies with secondary 
cellular cooperation. 


REFERENCES 


Bachman, G. W. 1929, A precipitin test in experi- 
mental trichiniasis. J. Prev. Med. 3: 465-469. 

Bozicevich, J. and Detre, L. 1940, Studies on 
trichinosis. VIII. The antigenic phase of 
trichinosis. Pub. Health Rep. 55: 683-692. 

Chandler, A. C. 1939a, The nature of local im- 
munity in parasitic infections. Vol. Jub. Pro. 
Prof. Sadao Yoshida, Osaka, Japan, 2: 343- 
364. 

. 1939b, The nature and mechanism of 
immunity in various intestinal nematode in- 
fections. Am. J. Trop. Med. 19: 309-317. 

. 1948, Factors modifying host resistance 
to helminthic infections. Proc. Fourth In- 
ternat. Cong. Trop. Med. & Malaria 2: 975- 
981. 

Culbertson, J. T. 1942, Active immunity in mice 
against Trichinella spiralis. J. Parasitol. 28: 
197-202. 

Culbertson, J. T. and Kaplan, S. S. 1938, A study 





IMMUNITY TO 7RICHINELLA SPIRALIS 


upon immunity in 


trichiniasis. Parasitology, 30: 156-166. 

Gursch, O. F. 1949, Intestinal phase of Trichinella 
spiralis (Owen, 1835) Railliet, 1895. J. Parasi- 
tol. 35: 19-26. 

Hendricks, J. R. 1950, The relationship between 
precipitin Trichinella 
spiralis in the intestinal tract of mice following 
test infections. J. Immunol. 64: 173-177. 

. 1952, Studies in mice on the dual anti- 
body basis of acquired resistance to Trichinella 
spiralis. J. Elisha Mitch. Sc. Soc. 68: 12-26. 

. 1953, Passive transfer of resistance to 
Trichinella spiralis in mice. J. Parasitol. (Aug. 
suppl.) 39: 40-41. 

Larsh, J. E., Jr. and Gilchrist, H. B. 1950, The 
effect of a vitamin A deficient diet on the na- 
tural and acquired resistance of mice to in- 
fection with Trichinella spiralis. }. Elisha Mitch. 
Sc. Soc. 66: 76-83. 

Larsh, J. E., Jr., Gilchrist, H. B. and Greenberg, 
B. G. 1952, A study of the distribution and 
longevity of adult Trichinella spiralis in im 

Elisha 


passive experimental 


titer and number of 


munized and nonimmunized mice. J. 


Mitch. Sc. Soc. 68: 1-11. 
Larsh, J. E., Jr. and Kent, D. E. 1949, The effect 


of alcohol on natural and acquired immunity of 


293 


mice to infection with Trichinella spiralis. J. 
Parasitol. 35: 45-53. 
Larsh, J. E., Jr. and Race, G. J. 1953, A histo- 
pathologic study of the anterior small intestine 
non-immunized mice in- 
fected with Trichinella spiralis. J. 
(Aug. suppl.) 39: 40. 
McCoy, O. R. 1931, Immunity of rats to reinfec- 
tion with Trichinella spiralis. Am. J. Hyg. 14: 
484-494. 
. 1936, The development of trichinae in 


of immunized and 


Parasitol. 


abnormal environments. J. Parasitol. 22: 54 
59 

Oliver-Gonzalez, J. 1941, The dual antibody basis 
of acquired immunity in trichinosis. J. Infect. 
Dis. 69: 254-270. 

Roth, H. 1939, 


course of trichina infection in guinea pigs. ITT. 


Experimental studies on the 


Immunity of guinea pigs to reinfection with 
Trichinella spiralis. Am. J. Hyg. 30: 35-64. 
Taliaferro, W. H. 1940, The 
acquired immunity in infections with parasitic 

worms. Physiol. Rev. 20: 469-492. 
Taliaferro, W. H. and Sarles, M. P. 1939, The 


cellular reactions in the skin, lungs, and in- 


mechanism of 


testine of normal and immune rats after infec- 
tion with Nippostrongylus muris. J. Infect. 
Dis. 64: 157-192. 





THE RUSSIAN SPRING-SUMMER ENCEPHALITIS AND LOUPING ILL 


GROUP OF VIRUSES; 


ASIATIC STRAINS OF 


RELATIONSHIP 


OF EUROPEAN AND 


RUSSIAN SPRING-SUMMER 


ENCEPHALITIS VIRUSES AND LOUPING 
ILL VIRUS 


WILLIAM L. POND, SUDIE B. 


RUSS, AND JOEL WARREN 


From the Department of Virus and Rickettsial Diseases, Army Medical Service Graduate School, 
Washington, D. C. 


The close antigenic similarity of Rus- 
sian spring-summer encephalitis (RSSE) 
and louping ill viruses was trst demon- 
strated by 
1943.1? Only 
found between 


‘asals and Webster in 
differences 


two 


slight were 
the agents when 
they were compared by neutralization 
or complement fixation techniques, or 
by cross resistance tests in mice. Since 
that time, although several other work- 
ers have compared the properties of 
these two agents in both experimental 
and natural and described 
minor differential characteristics as well 


infections 


as similarities, the degree of their rela- 
tionship has remained undetermined. 

In 1943 we obtained several strains of 
RSSE from Russia and Siberia and in 
1948 a similar virus which had been 
isolated from a small epidemic of en- 


cephalitis in western Czechoslovakia.** 
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The latter was isolated initially from 
human blood and cerebrospinal fluid, 
and on the basis of the clinical course of 
the disease in man, serological reactions 
in recovered patients and animals, and 
the recovery of the virus from naturally 
infected Ixodes ricinus ticks,** was also 
suspected of being a member of the 
RSSE-louping ill group. The availability 
of these strains, and others of ovine, 
human or arthropod origin, not only 
provided an opportunity to further in- 
vestigate the degree of similarity of 
viruses of the RSSE-louping ill group 
but also to compare the properties of 
strains from central Europe, European 
Russia and Siberia. Moreover, in view 
of the increasing reports of these dis- 
eases in Europe, it was desirable to 
determine whether an inactivated vac- 
cine prepared from a single strain gave 
sufficient protection against Scottish, 
Czech and Siberian viruses of the RSSE- 
louping ill family. 


METHODS AND MATERIALS 


Mice.—The mice used were albino Swiss, Bagg 

strain, ranging in weight from 14 to 18 g. 
Viruses.—The six strains of virus employed in 

these studies are described in table 1. They in- 

clude 4 strains of RSSE, 1 of louping ill and 1 

that was isolated from the Czech epidemic 
(in Czechoslovakian). Casopis lekaru ceskych, 
88: 1179. 

6. Edward, D. G. ff. 1950, The relationship of a 
newly-isolated human encephalitis virus to 
louping-ill virus. British J. Exper. Path. 31: 
§15-522. 
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PABLE 1. 


Virus and strain designation Isolated from 


Unknown 
Human brain 
Human brain 


{Moscow B4 
scp) Spring Sophy East 
RSSE Spring N4 East 
(Spring West 


Louping-ill Sheep brain 


Czech encephalitis virus 


é Human brain 
(labelled “‘Stillerova 


labelled ‘‘Stillerova virus.""* (The term ‘‘strain" 
is used advisedly since in some cases it is merely a 
geographical designation.) Each was propagated 
and maintained in a virulent state by frequent 
intracerebral Only freshly 


harvested brain material was used in tests. 


passage in mice. 


Immune rabbit serums.—Immune rabbit serums 
were developed by the intraperitoneal injection of 
a 10% suspension of infected mouse brain. Five 
dosages of 2.0 ml each wre administered on the 
Ist, 8th, 15th, 22nd and 36th day. On the 46th 
day the rabbits and ex- 
sanguinated by cardiac puncture. The serums 
were pooled, filtered through a Seitz EK filter 
and stored at —20 C in rubber-stoppered bottles. 


were anesthetized 


Human 
antiserums were obtained from laboratory per- 
sonnel following vaccination with RSSE mouse 
brain vaccine that was prepared from the Moscow 


Immune serums from human beings. 


strain. Although ineculation doses and intervals 
were not the same in all cases, all individuals but 
one (#4) received a ‘otal of 3 to 5 ml of vaccine 
over a period of several years. The immune 
serums used for testing were acquired within 2 to 
8 weeks after the final injection. Individual #4 
received a single dose of 0.5 ml of vaccine 2 weeks 
before being bled. All 
-20 C. 


Preparation of vaccines. 


serums were stored at 


The vaccines used for 
the immunization of mice and human beings were 
prepared essentially as described by Kagan.’ By 
this procedure, were inoculated intra- 
cerebrally with 9.03 ml of a 10% suspension of 
infected mouse brain which was prepared in 


mice 


* We wish to express our thanks to Dr. C. H. 
Andrewes, and to the Agricultural Research 
Council of England for furnishing these strains of 
Czech encephalitis and louping ill viruses. 

7. Kagan, N. V. 1939, Experimental contribu- 
tions to active immunization of mice against 
the spring-summer (tick-borne) encephalitis 
by means of preparations of live and killed 
virus (in Russian with an English summary). 


Arkhiv. Biol. Nauk. 56: 97-111. 


Tick (Ixodes persulcatus) 


Origin and history of virus strains. 


Number of 
known mouse 
passages before 

us’ in these 

experiments 


Origin 


Moscow, date unknown 
Far east USSR, 193. 
Far east USSR, 1937 
Western USSP., 1942 


Scouland, date unknown 


Prague, Czech., 1950 


physiological saline solution containing 10% nor- 
mal rabbit serum. When these mice uniformly be- 
came ill 3 days later, they were killed with chloro- 
form. Their brains, removed aseptically, were 
ground to a 10% suspension in saline solution 
adjusted to pH 7.6 with Sorensen’s phosphate 
buffer. Following centrifugation at 1000 to 1700 
G, the supernatant fluid was removed, and to it 
formaldehyde solution U.S.P. was added to 0.2%. 
After storage at 5 C for 14 days, the suspension 
was tested for the presence of living virus by in- 
tracerebral inoculation in mice. This treatment 
routinely yielded noninfective suspensions which 
were used as vaccines. 

tests.—Both virus and serum 
dilution neutralization tests were carried out. The 
virus dilution method employed was that adopted 
by the Neurotropic Virus Disease Commission in 
1942.* The procedure was modified, however, in 
that were incubated at 
room temperature (23 to 25 C) for 1 hour before 
0.1 ml of the was inoculated intra- 
peritoneally into § mice per dilution. The serum 
dilution neutralization tests utilized a constant 
amount of virus in serial twofold dilutions of 
serums. Since preliminary experiments indicated 


Neutralization 


serum-virus mixtures 


mixtures 


that the amount required for consistent results 
was not less than 100 LDgo, at least this quantity 
of virus was employed. These mixtures, however, 
were incubated at 5 C overnight, as recom- 
mended by Hammon,’ before 0.1 ml dosages were 
inoculated intraperitoneally into 5 mice for each 
dilution. 

Cross immunity tests.—In cross immunity tests, 
mice were vaccinated with one strain of virus and 


8. Paul, J. R. 1944, The Filterable Viruses. 

Laboratory Methods of the United States 
Army, edited by Simmons, J. S. and Gentz- 
kow, C. J., Philadelphia, Lea & Febiger, pp. 
579-600. 
Hammon, W. McD. 1948, Encephalitis in 
Diagnostic Procedures for Virus and Rick- 
ettsial Diseases. Am. Pub. Health Assn., New 
York pp. 187-217. 
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TABLE 2.—Results of intraperitoneal 


infectivily titrations in mice. 


Num 
ber of 
titra 
tions 


Percentage of titrations with 
Virus strain I. titer of: 


10°*-10 7 10 1i0°* 10°*-10* 
RSSE, Spring 7 
West 

Louping-ill * 50 
RSSE, Sophy 5 13 
RSSE, Moscow 25 

RSSE, Spring N4 x c 
Czech encephalitis 15 6 


SO 


subsequently challenged with graded doses of the 
homologous and 5 heterologous strains by the 
intraperitoneal route. This procedure is essen- 
tially the same as described by Casals.'® However, 
we employed 10 mice per dilution and vaccinated 
twice with a 3-day interval. Both inoculations 
consisted of 1.0 ml of a 1:20 dilution of the 10% 
formalinized suspension. Vaccinated mice were 
challenged 7 days after the first dose of vaccine. 


RESULTS 

mice.—The _ six 
viruses had the same generat order of 
infectivity when inoculated intracere- 
brally into mice with LDgo titers be- 
tween 107° and 10-**. Intraperitoneal 
titrations, however, revealed that cer- 


Pathogenicity for 


tain strains were, in general, not as 
infectious as others, although the titer 
of any one strain might vary as much 
as two log dilutions in successive titra- 
tions. Examples of this variability are 
illustrated in table 2, which shows the 


10. Casals, J and Olitski, P. K. 1945, Enduring 
immunity following vaccination of mice with 
formalin-inactivated virus of Russian spring- 
summer (Far Eastern, tick-borne) encephali- 
tis. Correlation with serum-neutralizing and 
complement fixing antibodies. J. Exper. Med. 
82: 431-443. 


TABLE 3. 


percentage distribution of the results 
of numerous intraperitoneal titrations. 
It will be noted that the Spring West 
strain of RSSE and the Scottish louping 
ill virus were frequently lower in infec- 
tivity than the other four. Moreover, in 
half of the titrations these viruses had 
LDs between 10°°° and 10-7°, 
whereas the Czech encephalitis virus 
and Spring N4 strain of RSSE usually 
titrated to 10~*-° or higher. 

In addition to variations in infectiv- 
ity, other slight but constant differen- 
tial clinical signs were observed in mice 


an 


infected with these agents. For exam- 
ple, hyperirritability and ruffling of fur 
occurred soon after injecting strains of 
RSSE or Czech virus. Within 24 hours 
these signs progressed to generalized 
weakness, prostration and death. Loup- 
ing ill infection, on the other hand, 
caused a slightly longer period of illness, 
in which the hyperirritability and ruf- 
fling of fur was often followed by a paraly- 
sis, usually of the hind limbs. The latter 
condition persisted for 48 to 72 hours, 
occasionally longer, before death. 
Virus dilution neutralization tests. 

The results of a series of virus dilution 
tests carried out 
with specific hyperimmune rabbit se- 
rums and fresh virus suspensions are 
shown in table 3. The neutralization 
indices, expressed as logarithms, repre- 
sent the difference in LDy5» titer of the 
virus in the presence of immune and of 
All indicated that 
rums obtained from rabbits inoculated 


cross neutralization 


normal serum. se- 


Results of intraperitoneal cross neutralization tests using the virus dilution technique. 


Log neutralization index of rabbit antiserum 


Virus strain 


Moscow Spring West 


{| Moscow 
RSSE Spring West 


4 
6. 
“| Spring N4 4 
4 
5 


| Sophy 
Louping-ill 


Czech encephalitis 3.9 


RSSE 


Czech 
encephalitis 


Louping 
ill 


Spring N4 





RSSE anp Lou 


TABLE 4.—Results of intraperitoneal cross 
neutralization tests using the serum 
dilution technique. 


Serum dilution index* of 
Num rabbit antiserum 
ber of - 
LDy's RSSE  Louping- 
Moscow ill 


Virus strain 
Czech 
encephalitis 

a0 512 1:101 1 
RSSE, Moscow 630 128 1:56 1 
6300 40 1:10 1; 


Czech encephalitis 100 1:25 1:30 1: 


* That dilution of serum protecting one-half of the mice 


with the individual viruses were quite 


potent in neutralizing the homologous 
strains. These values, which are under- 
lined, from 6.2 to 7.1. When 
examined by this technique, the RSSE 
strains appeared to form a homogeneous 


range 


group. Moreover, there was no appreci- 
able difference between the RSSE 
strains and the LI and Czech agents. 
Serum dilution neutralization tests. 
It was possible that greater specificity 
in neutralization might be disclosed if 
the antiserums rather than the virus 
were diluted." Therefore, tests using 
the Moscow 
strain of RSSE and the Czech viruses 


constant quantities of 
and serial dilutions of rabbit antiserums 
prepared against these as well as the 
louping ill virus were carried out. The 
results are indicated in table 4. While 
both viruses were neutralized by homol- 
ogous as anti- 
Moscow 
virus required less of each antiserum for 
than did the Czech 
strain. This was especially evident in 


well as heterologous 


serums, it was observed that 
neutralization 


the two tests in which the larger amount 
of the Moscow agent was used. How- 
ever, the lack of sharpness of end points 
made tests of this type difficult to inter- 
pret, and they were abandoned after 
the foregoing experiments were com- 
pleted. 

Neutralization tests with serums from 
11. Rose, H. M. 1952, Differences in the capacity 


of human serums to neutralize herpes simplex 


virus. J. Immunol. 68: 687-691. 
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human beings immunized with Moscow 
strain RSSE vaccine. 
individuals who 
with 


Serums from 7 
had been vaccinated 
formalin-inactivated RSSE 
cine, Moscow strain, were examined by 
the virus-dilution neutralization tech- 
nique. The results with the 6 strains em- 
ployed are illustrated in table 5. The 


vac- 


amount of neutralizing antibody pro- 
duced by each of the 7 persons was ap- 
preciable, the 
strains the immunity indices were of 
the order of 4.0 to 6.0 logs. Only those 
indices against the Czech virus were 
lower, and even these were of the order 
3.0. 
were arranged in order of increasing 


and against most of 


When the values for each serum 


TABLE 5.-—Results of intraperitoneal neutralization 


tests using serums from persons vaccinated with 
RSSE virus, Moscow strain. 


Log neutralization index of 
Virus strain human antiserum 

‘i 
Czech encephalitis 
RSSE, Spring N4 
Louping-ill ) 


3.8 
4.7 
5 
RSSE, Sovhy 4.8 
5.2 
5 


RSSE, Moscow 
RSSE, Spring West 


0 
neutralizing power against the series of 
viruses, it was noted that they all fell 
into the same pattern of general grada- 
tion. Although this was less than that 
developed by the other members of this 
group, it was, therefore, apparent that 
serums from persons immunized with 
a formalipized RSSE vaccine prepared 
from infected mouse brain also pos- 
sessed a considerable amount of neutral- 
izing antibody for the Czech virus. 
Cross immunity tests in mice.—Cross 
immunity tests were carried out as de- 
scribed, with three different lots of Mos- 
cow strain RSSE vaccine and one lot 
of the Czech 
the challenged intraperi- 
toneally with homologous and heterol- 
ogous The given in 
table 6 represent the log difference in 


vaccine. Subsequently, 
mice were 


viruses. values 
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TABLE 6.—-Results of cross immunity tests in mice using the RSSE-Czech viruses. 


Lot no. of 
vaccine 


Virus strain used for 
vaccinating mice 


Moscow 


S. 
RSSE, Moscow 6 
: 5 


Czech encephalitis 


LL.D5o titer of a given virus preparation 
in immune and in normal mice. The 
tabular data indicate that the Moscow 
and the Czech vaccines elicited a marked 
resistance to intraperitoneal challenge 
wit): either homologous or heterologous 
viruses. Although the immunity was 
slightly greater against the homologous 
agent, this method revealed only mini- 
mal antigenic differences between these 
strains. 

In agreement with the findings of 
Edward,® it has been extremely difficult 
to produce any appreciable immunity 
in mice against intracerebral challenge 
with an RSSE Although the 
rigorous schedule of immunization de- 


virus. 


scribed by Casals” protected animals 
that were inoculated intraperitoneally 
with more than 1,000,000 LDs5o of fully 
virulent strain RSSE virus, 
succumbed following the 
of not more 
than 10 LDs5o of the homologous virus. 


Moscow 
these mice 


intracerebral inoculation 


DISCUSSION 

The basic point to be considered is 
whether these viruses represent strains 
of a single entity. If not, then what de- 
gree of homogeneity may be ascribed 
to the group? 

Casals and Webster's original obser- 
vation of the antigenic similarity be- 
tween RSSE and louping ill has been 
extended by other investigators and by 
themselves. Edward,* using comple- 
ment fixation techniques, found no dif- 
12. Casals, J. 1944, Immunologica! relationships 


among central nervous system viruses. J. 
Exper. Med. 79: 341-359. 


Spring West Spring N4 


Log immunity index when challenged with 
RSSE Czech 
encephalitis 


Sophy 


4.6 5.3 4.6 


4.1 
5. 
4 


5.8 


ference between these two viruses. How- 
ever, Casals presented evidence” to 
show that RSSE and louping ill viruses 
could be differentiated by means of 
cross immunity tests in hyperimmu- 
nized mice challenged by the intracere- 
bral route of inoculation. This observa- 
tion could not be confirmed by Edward,® 
who found that mice immunized ‘to 
either of these viruses were unable to 
resist even 10 LDs59 of the homologous 
virus when this was inoculated intra- 
cerebrally. It is important to note that 
Edward’s mice were highly resistant 
to homologous or heterologous challenge 
when the intraperitoneal route of inocu- 
lation was used. 

There is additional evidence suggest- 
ing differences between the behavior 
of the RSSE and louping ill viruses. 
For example, contact infection is re- 
ported to occur among normal mice 
maintained in the same container with 
louping ill-infected mice, but not with 
RSSE-infected mice. RSSE virus, when 
inoculated subcutaneously into 30-day- 
old mice, is claimed by Casals to have 
a slightly higher titer than the louping 
ill virus and this difference is more 
noticeable in older animals. A longer in- 
cubation period in mice is also assigned 
to louping ill.2 While both viruses can 
produce a fatal disease in sheep, the Rus- 
sian the 
Scotch agent causes ataxia and trem- 
ors." 


virus causes paralysis and 


13. Silber, L. A. and Soloviev, V. D. 1946, Far 
Eastern tick-borne spring-sumimer (spring) 
encephalitis. Am. Rev. Soviet Med., Special 
suppl., pp. 1-80. 
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Although both agents are pathogenic 
for man, the natural hosts and geograph- 
ical distribution of RSSE ard louping 
ill, until recently, have been considered 
to be quite different. RSSE has been 
recognized for the past two decades in 
several areas of Soviet Russia as a 
virus infection of human beings and 
rodents with the tick Ixodes persulcatus 
incriminated as its main vector.* Loup- 
ing ill, on the other hand, is primarily 
a naturally occurring virus infection 
of sheep in Scotland that is trans- 
mitted by the tick Ixodes ricinus. Hu- 
man cases occur infrequently and the 
disease is never epidemic. It is interest- 
ing that the arthropod vector of louping 
ill can also carry RSSE. Soviet workers 
have described the occurrence of an 
encephalitis in human beings in western 
Russia where Jxodes ricinus ticks, 
naturally infected RSSE virus, 
were found.” 


with 


These two closely related viruses ap- 
pear to differ in their pathogenicity in 
sheep and in human beings. Only 20 
cases of louping ill in human beings have 
been described."~*! Of the ten clinically 
described cases, six showed a diphasic 
14. Warren, J. 1946, Epidemic encephalitis in the 

Far East. Am. J. Trop. Med. 26: 417-436. 

15. Brewis, E. G., Neubauer, C. and Hurst, 

E. W. 1949, Aviother case of louping-ill in 
man. Lancet 256: 689-691. 

Davidson, G., Neubauer, C. and Hurst, E. W. 
1948, Meningoencephalitis in man due to the 
louping-ill virus. Lancet, 255: 453-457 

. Edward, D. G. ff. 1948, Immunization 
against louping-ill. Immunization of man. 
British J. Exper. Path. 29: 372~378. 

. Lawson, J. H., Manderson, W. G. and Hurst, 
E. W. 1949, Louping-ill meningo-encephalitis. 
A further case and a serological survey. 
Lancet 257: 696-699. 

. Rivers, T. M. and Schwentker, F. F. 1934, 
Louping-ill in man. J. Exper. Med. 59: 669 
685. 

20. Wesemeier, K. 1938, Beobachtungen uber 
Louping-ill beim Menschen. Deutsches Arch. 
f. klin. Med. 182: 451-454. 

. Wiebel, H. 1937, Uber Louping-ill bein 
Menschen. Klin. Wchnschr. 16: 632-634. 
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course such as occurs in sheep infected 
with this agent, and no residual paraly- 
sis developed. On the other hand, RSSE 
in man and in-experimentally infected 
sheep shows a monophasic course after 
which 20% of the human patients de- 
velop permanent neurologic sequelae. 

The relation of the virus from Czech- 
oslovakia to these two agents has been 
investigated by Edward.® Its virulence 
in mice by the subcutaneous route of 
inoculation resembles RSSE. However, 
like louping ill, contact infection was 
reported when healthy mice were housed 
in the same box with infected mice. 
Edward also reported that this virus 
was not lethal to chick embryos, where- 
as louping ill is known to be lethal to 
this host. In cross complement fixation 
tests it was confusing to note that anti- 
serum prepared against this Cezch virus 
fixed complement in the presence of 
RSSE, louping ill, and the homologous 
agent. However, louping ill antiserum 
did not fix complement in the presence of 
the Czech encephalitis virus antigen. 
Edward has failed to show significant 
differences between this virus and RSSE 
or louping ill in other serological tests. 

We have been unable to demonstrate 
significant differences between any of 
the Russian and Siberian viruses, re- 
gardless of tick or human origin. Nor 
can these strains be differentiated from 
the one recovered from the epidemic 
in Czechoslovakia. On the other hand, 


the Scottish disease, louping ill, pre- 
sented slightly different 
fected mice. Whether such a difference 
in pathogenicity in mice is a reflection 


signs in in- 


of the treatment of the virus in the 
laboratory or represents a fundamental 
difference in the qualities of the virus 
particles cannot be established. Con- 
sidering the well known influence of 
passage in animals on the pathogeniciy 
of other filtrable agents, it would seem 
a weak point on which to classify it as a 
separate entity. 
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Serological and immunological reac- 
tions, however, although reflecting to 
some degree the passage history, never- 
theless represent a more basic descrip- 
tion of the virus particle. The results of 
the virus and serum dilution neutraliza- 
tion tests all suggest that these agents 
not only fall within one group but that 
this group can be considered a homo- 
geneous one. The serological deviations 
of louping ill will be especially noted, 
because of the difference already claimed 
between it and the RSSE viruses. It 
should be stressed, however, that loup- 
ing ill virus differs no more from the 
general group than does one of the RSSE 
strains, Spring West, which was re- 
covered from the brain of a human be- 
ing. 

Neutralization tests with serums from 
RSSE, 


Moscow strain, also indicate that these 


individuals vaccinated against 
viruses comprise a_ relatively homo- 
geneous group. More important, how- 
ever, was the finding that human beings 
inoculated with a vaccine prepared 
against only one of these agents de- 
veloped neutralizing antibodies to them 
all. Although the anti-Moscow strain 
human neutralized the 
Czech encephalitis virus than of the 


others, its neutralization of this virus 


serum less of 


was nevertheless considerable. Further- 
more, no differences were noted in anti- 
strain rabbit which 


Mascow serum, 


yielded approximately equal neutral- 
ization titers against all the viruses in 
this group. 

Cross immunity tests in mice further 
disclosed that a vaccine prepared from 
the Moscow strain provided consider- 
able protection against infection with 
various strains of recognized RSSE and 
Czech encephalitis viruses. Immunity 
of these mice to challenge with the Czech 
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virus was as high as that to the other 
viruses. Unfortunately, louping ill was 
not tested. 

It is evident that these data provide 
no critical nor conclusive evidence by 
which the question of singularity or 
plurality in these viruses can be re- 
solved. It should be equally evident, 
however, that such a decision is limited 
by the sensitivity of the techniques at 
hand. These reveal simply that the de- 
viation of the louping ill and Czech 
encephalitis viruses from the RSSE 
viruses is no greater than the deviation 
seen within the RSSE 
selves. 


strains them- 


SUMMARY AND CONCLUSIONS 


1. A close serological and immuno- 
logical similarity between the viruses 
of Russian spring-summer encephalitis 
of human and arthropod origin and 
louping ill were Several 
strains of Russian spring-summer virus, 
louping ill virus and the virus isolated 
from a Czech epidemic of encephalitis 
form a homogeneous group. 

2. Immunization of mice with a killed 
vaccine made from a Russian spring- 
summer encephalitis virus strain or the 
Czech 


observed. 


encephalitis virus strain pro- 
duced resistance to the heterologous as 
well as to the homologous virus. 

3. Inoculation of man with a killed 
Russian spring-summer encephalitis 
vaccine, mouse brain type, elicited neu- 
tralizing antibodies against louping ill 
and Czech encephalitis viruses as well 
as against the RSSE viruses. 

4. In view of the very close and uni- 
form antigenic composition of all of 
these arthropod-borne agents, it is sug- 
gested that they be considered as strains 
of a single virus. 
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